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Notice to Potential TLCS-90* Customers: 


This Databook contains a preliminary Data Sheet for Toshiba’s new TLCS-90 Series 8-bit 
Microcontrollers. Although the Data contained therein is generally believed to be current, it is 
recommended that you contact you local Toshiba Sales Person or Office to obtain the latest 
Specs prior to any actual System Design. 

Thus you will be ensured of having the latest Device Electrical Specs to incorporate into your 
System Design Process. 


* The TLCS-90 Series currently includes the following devices: 

• TMP90C840N 

• TMP80C840F 

• TMP90C841N 

• TMP90C841N 

• TMP90C840E 


Future i LCS-90 Series Devices will be added to this expanding Family. 
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NMOS 8-BIT MICROCONTROLLER (TLCS-48) 

TMP 8 0 48 AP / TMP 8 0 35 AP 
TMP 8049AP/TMP8039AP 
TMP 8048AT/TMP 80 35 AT 
TMP 80 4 9 AT/TMP 80 3 9 AT 


GENERAL DESCRIPTION 

The TMP8048AP/TMP8049AP, from here on referred to as the TMP8048A except 
in case of no need to specify each parts, is a single chip microcontroller 
internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, RAM data memory, ROM program memory, 
27 I/O lines and an 8-bit timer/event counter. 

The TMP8048A is particularly efficient as a controller. It has extensive 
bit handing capability as well as facilities for both binary and BCD arith¬ 
metic. 


The TMP8035A/TMP8039A is the equivalent of a TMP8048A/TMP8049A without 
ROM program memory on chip. By using this device with external EPROM or RAM, 
software debugging becomes easy. 

The TMP8048AP/TMP8035AP, TMP8049AP/TMP8039AP are packaged in a standard 
40 pin Dual Inline Plastic Package. 

The TMP8048AT/TMP8035AT, TMP8049AT/TMP8039AT are packaged in the JEDEC 
standard type 44pin PLCC (Plastic Leaded Chip Carrier). 


FEATURES 


. 1.36 us Instruction Cycle 
. All instruction 1 or 2 cycles 
. Over 90 instructions; 70% single byte 
. Easy expandable memory and I/O 


. 27 I/O lines 

. Interval Time/Event Counter 
. Single level interrupt 
. Single 5V supply 


Parts Number Program Memory (ROM) 


Data Memory (RAM) 


TMP8048A 

TMP8049A 

TMP8035A 

TMP8039A 


1 k Byte 

2 k Byte 


64 Byte 
128 Byte 
64 Byte 
128 Byte 
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PIN CONNECTIONS (Top View) 
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PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VDD (Power Supply) 

+5V during operation Low power standby pin for TMP8048A RAM 

VCC (Main Power Supply) 

+5V during operation 

PROG (Output) 

Output strobe for the TMP8243P I/O exapnder 
P10-P17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup = 50 kohm). 

P20-P27 (Input/Output) Port 2 

8-bit quasi-bidrectional port (Internal Pullup = 50 kohm). 

P20-P23 Contain the four high order program counter bits during an 
external program memory fetch and serve as a 4-bit I/O expander bus for 
the TMP8243P. 

DB0-DB7 (Input/Output, 3 State) 

True bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program mem ory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

T1 (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

YnT (Input) 

External interrupt input. Initiates an interrupt if interrupt is 
enabled. Interrupt is disabled after a reset. Also testable with 
conditional jump instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 
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BLOCK DIAGRAM 
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RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single Step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being excuted. 

EA (Input) 

External Access input which forces all program memory fetchs to reference 
external memory. Useful for emulation and debug and essential for 
testing and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for 
external source. 

XTAL 2 (Input) 

Other side of crystal input. 

FUNCTIONAL DESCRIPTION 
1. System Configuration 

. The following system functions of the TMP8048A are described in detail. 


(1) 

Program Memory 

(6) 

Stack (Stack Pointer) 

(2) 

Data Memory 

(7) 

Flag 0, Flag 1 

(3) 

I/O Port 

(8) 

Program Status Word (PSW) 

(4) 

Timer/Counter 

(9) 

Reset 

(5) 

Interrupt Control Circuit 

(10) 

Oscillator Circuit 


(1) Program Memory 

. The maximum memory that can be directly addressed by the TMP8048A is 
4096 bytes. The first 1024 bytes from location 0 through 1023 
(TMP8048A) or the first 2048 bytes from location 0 to 2047 (TMP8049A) 
can be internal resident mask ROM. The rest of the 3072 bytes or the 
2048 bytes of addressable memory are external to the chip. The 
TMP8035A and TMP8039A have has no internal resident memory; all memory 
must be external. 
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There are three locations in Program Memory of special importance. 



Memory Bank 1 


Memory Bank 0 


. Location 0 

Activating the Reset line of the processor causes the first instruction 
to be fetched from Location 0. 

. Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

. Location 7 

A timer/counter interrupt resulting from a timer/counter overflow (if 
enabled) causes a jump to a subroutine defined by address held in 
Location 7. 

. Program address 0-2047 and 2048-4095 are called memory banks 0 and 1 respec¬ 
tively switching of memory banks is achieved by changing the most 
significant bit of the program counter (PC) during execution of an 
uncoditional jump instruction or call instruction executed after using SEL 
MBO or SEL MBl. 

Reset operation automatically selects Bank 0. 

(2) Data Memory 

. Resident Data Memory (volatile RAM) is organized as 64 words (TMP8048A) 
or 128 words (TMP8049A) by 8-bits wide. 

. The first 8 locations (0 - 7) of the memory array are designed as 
working registers and are directly addressable by several instructions. 
By executing a Register Bank switch instruction (SEL RBI) locations 24 
- 31 are designated as the working registers in palce of 0 - 7. 
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Address 

127 


TMP8048A/TMP8035A,TMP8049A/TMP8039A 


32 
31 

24 
23 

8 
7j 
01 

Incemal Data Memory Area 

. RAM locations 8-23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utiliaed. 

. All 64 (TMP8048A) or 128 (TMP8049A) locations are indirectly 

addressable through either of two RAM Pointer Registers which reside at 
RO and R1 of the Register array. 

. The TMP8048A architecture allows extension of the Data Memory to 256 
words . 

(3) Input/Output Ports 

. The TMP8048A has 27 I/O lines which can be used for either input or 
output. These I/O lines are grouped into 3 ports each having 8 
bidirectional lines and 3 "test" inputs which can after program 
sequences when tested by conditional jump instructions. 

. Ports 1 and 2 are each 8-bits wide and have identical characteristics. 
Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., 
inputs must be present until read by an input instruction. 

. All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line 
is continuously pulled to a +5V level through a high impedance 
resistive device (50kohm) which is sufficient to provide the source 
current for a TTL high level yet can be pulled low by a standard TTL 
gate thus allowing the same pin to be used for both input and output. 
In order to speed up the "0" to "1" transition a low impedance device 
(5kohm) is switched in momentarily whenever a "1" is written to line. 
When "0" is written to line a low impedance device overecomes the 
pullup and provides TTL current sinking capability. 


Data Memory 


Reslster Bank 1 

-Pi 

8 Level Stack 

(16 byte) 

Resister Bank 0 
RBO 


MCU48-7 









TOSHIBA 


TMP8048A/TMP8Q35A,TMP8049A/TMP8039A 



50kn I/O pins 
Portl or 2 


. Reset initializes all lines to a high impedance "1" state. 

. When external data memory area is not addressed during execution of an 
internal program, Port 0 (DBO - DB7) becomes a true bidirectional port 
(bus) with associated input and output strobes. If bidirectional 
feature not needed Bus can serve as either a statically latched output 
port or a non-latched input port. However, I/O lines of this port 
cannot be intermixed. 

. As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RB and WR strobe lines. 

. As a bidirectional port the MOVX instructions are used to rea-d and 
write the port which generate the RB and IJR strobes. 

. When not being written or read, the Bus lines are in a high impedance 
state. 


(4) Timer/Event Counter 

. The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 

. Timer mode 
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XTAL/15 


(2) External input clock form T1 terminal 

(minimum cycle time 3 x ALE cycle) 

...Event Counter mode 

The counter is presettable and readable with two MOV instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is 
initialized solely by the MOVT, A instruction. The counter is stopped 
by a Reset or STOP TCNT instruction and remains stopped until started 
by STRT T instruction or as an event counter by a STRT CNT. One 
started the counter will increment to its maximum count (FF) and 
overflow to Zero continuing its count until stopped by a STOP TCNT 
instruction or RESET. 

The increment from maximum count to Zero (overflow) results in the 
setting of an overflow flag and the generation of an interrupt request. 

When interrupt acknowledged a subroutine call to Location 7 will be 
initiated. Location 7 should store the starting address of the timer 
or counter service routine. The state of the overflow flag is testable 
with the conditional Jump (JTF). The flag is reset by excuting a JTF 
or by RESET. 

Figure 2 illustrates the concept of the timer circuit. 



Fig. 2 Concept of Timer Circuit 
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Fig. 3 Concept of Interrupt Control Circuit 
(5) Interrupt Control Circuit 

. There are two distinct types of Interrupts in the TMP8048A. 
(1) External Interrupt from the INT terminal 


(2) Timer Interrupt caused by timer overflow 
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. The interrupt system is single level in that once an interrupt is 

detected all further interrupt requests are ignored until execution of 
an RETR (which should occur at the end of an interrupt service routine) 
reenables the interrupt logic. 

. An interrupt sequence is initiated by applying a low level "0" to the 
INT pin-. INT is level triggered and active low which allows "Wire 
Oring" of several interrupt sources. The interrupt level is sampled 
every machine cycle during ALE and when detected causes a "jump to 

subroutine" at Location 3. As in any call to subroutine, the Program 
Counter and Program Status Word are saved in the stack. 

. When an overflow occurs in the internal timer/event counter an 

interrupt request is generated which is reserviced as outlined in 

previous paragraph except that a jump to Location 7 is used instead of 
3. If INT and times overflow occur simultaneously then external 
request INT takes precedence. 

. If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter 
mode. A "1" to "0" transition on T1 will cause an interrupt vector to 
Location 7. 

. The interrupt service routine pointed to be addresses in Location 3 or 
7 must reside in memory between 0 and 2047, i.e., Bank 0. 

Figure 3 illustrates the concept of the interrupt control circuit. 

(6) Stack (Stack Pointer) 

. An interrupt or Call to subroutine causes the contents of the program 
counter to be stored in one of the 8 register pairs of the Program 
Counter Stack. The pair to be used is determined by a 3-bit stack 
pointer which is part of the Program Status Words (PSW explained in 
section (8)). Data RAM locations, 8 through 23 are available as stack 
registers and are used to store the program counter and 4-bits of PSW 
as shown in the figure. 

. The stack pointer when initialized points to RAM location 8 and 9. The 
first subroutine jump or interrupt results in the program counter con¬ 
tents being transferred to Locations 8 and 9. Then the stack pointer 
is incremented by one to point to Locations 10 and 11. Eight levels of 
subroutine are obviously possible. 

. At the end of a subroutine signalled by a RET or ElETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 


MCU48-11 




TOSHIBA 


TMP8Q48A/TMP8035A,TMP8049A/TMP8039A 



Stack RAM 

Pointer Address 


(7) Flag 0, Flag 1 (FO, FI) 

. The TMP8048A has two flags FO and FI which are used for conditional 
jump. These flags can be set, reset and tested with the conditional 
jump instruction JFO. 

. FO is a part of the program status word (PSW) and is saved in the stack 
area when a subroutine is called. 

(8) Program Status Word (PSW) 

. An 8-bit status word which can be loaded to and from the accumulator 
exists called the Program Status Word (PSW). The PSW is read by a MOV 
A, PWS and written to by a MOV PSW, A. The information available in 
the PSW is shown in the diagram below. 
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C 


Stack Pointer 


,_ / 

lAC |F0 IBS |1 |S2 ISl Iso | 


MSB 1 


LSB 


Saved in stack area Spare ("!'* during Read) 
at the time of Sub¬ 
routine Call. 


Bits 0-2 
Bit 3 
Bit 4 


Stack Pointer Bits (SO, SI, S2) 

Not used (”1" level when read.) 
Working Register Bank Switch Bit (BS) 


0 = Bank 0 
1 = Bank 1 


Bit 5 
Bit 6 

Bit 7 


: Flag 0 (FO) 

; Auxiliary Carry (AC) carry bit generated by an ADD 
instruction and used by the decimal adjust instruction 
DA, A (AC) 

: Carry (C) flag which indicates that the previous opera¬ 
tion has resulted in the accumulator. (C) 


(9) Reset 


. The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup register which in 
combination with an external luF capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized . 



RESET 
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If the pulse is generated externally the reset pin must be held at ground 
(<0.8V) for at least lOmS after the power supply is within tolerance. 

. Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank 0. 

(iv) Selects Memory Bank 0. 

(v) Sets BUS (DBO - DB7) to high impedance state. (Except when EA=5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag. 

(x) Clears FO and FI. 

(xi) Disables clock output from TO. 

(10) Oscillator Circuit 

. TMP8048A can be operated by the external clock input in addition to 
crystal oscillator as shown below. 


+5V 



(a) Crystal Parameters and External Capacitance 

The frequency of the oscillator will be calculated from the following 
formula . 

f - (l+C0/2(CL+C))/27tVEx^ 

Load Capacitance BL 

CL=(Cl+Cfl)(C2+Cf2)/((Cl+Cfl)+(C2+Cf2)) 

Cfl : Input Capacitance (4pF Typ.)+Stray Capacitance (less than 5pF) 
Cf2 : Output Capacitance(6pF Typ.)+Stray Capacitance (less than 5pF) 
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However the recommended value in the following table will be used 
better by the reason of the start of the oscillation will depend on the 
Equivalent Series Resistance R1 and the External Capacitances Cl+Cfl, 


C2+Cf2. 


F requency 

Equivalent 

Externa 

1 Capa( 

titance 


Sen 

Les Res . 

Cl = 

C2(pF) 



f(MHz) 

R( ohm) 

Recomme 

nded 

Pypi 

.cal 




Value 

Allowance 

11 

25 

Max. 

10 

5 

to 

17 

11 

30 

Max. 

10 

5 

to 

15 

10 

25 

Max. 

10 

5 

to 

20 

10 

30 

Max . 

10 

5 

to 

17 

8 

30 

Max. 

15 

5 

to 

25 

8 

40 

Max. 

10 

5 

to 

20 

6 

40 

Max. 

20 

5 

to 

35 

6 

80 

Max. 

10 

5 

to 

17 

5 

50 

Max. 

20 

5 

to 

40 

5 

80 

Max . 

15 

5 

to 

25 

4 

100 

Max. 

15 

5 

to 

30 

4 

150 

Max. 

10 

5 

to 

20 

3 

100 

Max. 

20 

5 

to 

40 

3 

200 

Max. 

15 

5 

to 

25 

2 

400 

Max. 

25 

5 

to 

40 

2 

500 

Max. 

15 

5 

to 

25 

1 

800 

Max. 

25 

10 

to 

40 



(b) Ceramic Resonator and External Capacitance 


Frequency 

f(MHz) 

3 to 11 
1 to 3 


External Capacitance 
Recommended Value 
C1=C2 (pF) 

33 

100 



2. Basic Operation and Timing 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 
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(1) Instruction Cycle 

. The instruction of TMP8048A are executed in one or two machine cycles, 
and one machine cycle contents of five states. 

. Fig. 4 illustrates its relationship with the clock input to CPU. 

. ^2 clock shown in Fig. 4 is derived to outside by ENTO CLK instruction. 

. ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 

(.2) External Memory Access Timing 

(i) Program Memory Access 

. TMP8048A programs are executed in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) and 
from initial start address 0 in mode (3). 

. In the external program memory access operation, the following will 
occur 

. The contents of the 12-bit program counter will be output on BUS(DB0 
- DB7) and the lower 4-bits of Port 2. 

. Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address 
externally. _ 

. Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 
. Bus (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

. Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

. In the extended data memory access operation during READ/WRITE cycle 
the following occurs 

. The contents of RO R1 is output onto BUS (DBO - DB7). 

. ALE indicates address is valid. The trailing edge of ALE is used to 
latch the address externally. 

. A read RD or write WR pulse on the corresponding output pins 

indicates the type of data memory access in progress. Output data 
valid at trailing edge of WR and input data must be valid at trailing 
edge of RD. 

. Data (8-bits) is transferred over BUS, 


MCU48-16 





TOSHIBA 


TMP8048A/TMP8035A,TMP8049A/TMP8Q39A 


_rLnjijnjTJijn_rirLnj^j^^ 

(6MH2) 

♦I I— 11 —II—II—II—II— 

(2MH2) -' '-' '-' '-' '-' -' 


Generated 

internally 


1 2 

Instruction Decode 

.Fetch 


3 4 5 

Execution Execution Execution 


1 State 


1 Cycle 


ALE 

(400kHz] 


Next Address Latch Timing 


Fig. 4 Instruction Cycle Timing 
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Fig. 5 Timing of External Program Memory Access 
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^ _r 


External Data Memory Access Instructlo,n 


Suggest we have two diagrams 
Read 


ALE 

BUS 

RD 


n 


) — 

^_ 


ALE 

BUS 

WR 


r\ 


Write 


—CED— 

\_ r~ 


Fig. 6 Timing of Accessing External Data Memory 
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. Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 

(3) Interface with I/O Expander (TMP8243P) 

. The TMP8048A I/O can be easily expanded using the TMP8243 I/O Expander. 
This device uses only the lower half 4-bits of Port 2 for communica¬ 
tion with the TMP8048A. The TMP8243 contains for 4-bit I/O ports which 
serve as extensions of one chip I/O and are addressed as Ports (4-7). 
All communication takes place over the lower half of port 2 (P20 - P23) 
with timing provided by an output pulse on the PROG pin. Each transfer 
consists of two 4-bit nibbles the first containing the "OP Code" and 
port address and second containing the actual 4-bits of data. 


+12V 



Fig. 7 Timing of Reading Internal Program Memory 


5V 



Fig. 8(a) Single Step Circuit 
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Reading of Internal Program Memory 

. The processor is placed in the READ mode by applying +12V to the EA pin 
and OV to the RESET pin. The address of the location to be read is 
then applied to BUS and the low order 2 or 3 bits of Port 2. The 
address is latched by a 0 to 1 transition on RESET and the high level 
causes the contents of program memory location addressed to appear on 
the eight lines of BUS. 

. Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

. A single step feature useful for debug can be implemented by utilizing 
a circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

. A D-type ^ip flop with set and reset is used to generate SS. In the 
run mode SS is held high by keeping the flip flop set. To enter single 
step, set is removed allowing ALE to bring SS low via reset input. The 
next instruction is started by clocking a "1” into the FF which will 
not appear on SS unless ALE is high removing reset. In response to SS 
going high the processor begins an instruction fetch which brings ALE 
low resetting FF and causing the processor to again enter the stopped 
state. 

. The timing diagram in this case is as shown in Figure 8 (b). (EA=5V) 

(6) Lower Power Stand-by Mode 

. The Lower TMP8048A has been organized to allow power to be removed from 
all but the volatile, 64 x 8 or 128 x 8 data RAM array. In power down 
mode the contents of data RAM can be maintained while drawing typically 
10 - 15% of normal operating power requirements. 

. VCC serves as the 5V supply for the bulk of the TMP8048A while the VDD 
supplies only the RAM array. In standby mode VCC is reduced to OV but 
VDD is kept at 5V. Applying a low level to reset inhibits any access 
to the RAM by the processor and guarantees that RAM cannot be inadver¬ 
tently altered as power is removed from VCC. 



Port20- 2 3 
Data 

Fig. 8(b) Single Step Operation Timing 
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INSTRUCTION 

ACCUMULATOR INSTRUCTION 


1 Mnemonic 

Instruction Code I 

Operation 1 

1 

ig 


H 


D7 1 

D6t 

D5I 

D4| 

D3I 

D2ID1iDOl 

H 

Bl 


lADD A,Rr 

ol 

1 1 

11 

Ol 

1 1 

r 1 r 1 r 1 

(A)<-(A)+(Rr) 1 

1 

1 

1 

1 

o 1 

o 1 







1 1 1 

r = 0 - 7 1 


1 


1 

1 


IaDD A,-@Rr 

0 1 

11 

1 1 

0 1 

o| 

Ol Ol r| 

(A)<-(A)+((Rr)) 1 

1 

1 

1 

1 

0 1 

0 1 







1 1 i 

r = 0,1 1 


1 


1 

1 


1 ADD A,#Data 

0 1 

Ol 

Ol 

Ol 

Ol 

Ol 11 1| 

(A)<-(A)+Data 1 

2 

1 

2 

1 

o 1 

0 1 


d7| 

d6| 

d5| 

d4 1 

d3| 

d 2 |dlIdol 

1 


1 


1 

1 


lADDC A,Rr 

Ol 

11 

11 

1 1 

1 1 

r 1 r 1 r 1 

(A)<-(A)+(Rr)+(C)1 

1 

1 

1 

1 

o 1 

o 1 







1 1 1 

r = 0 - 7 1 


1 


1 

1 


IaDDC A,@Rr 

0 i 

1 1 

11 

1 1 

0 1 

Ol Ol r| 

(A)<-(A)+((Rr)) 1 

1 

1 

1 

1 

o 1 

o 1 







1 1 1 

+ (c) 1 


I 


I 

1 








1 1 1 

r = 0,1 1 


1 


1 

1 


IADDC A,#Data 

Ol 

Ol 

Ol 

1 1 

Ol 

Ol 1| 11 

(A)<-(A)+Data+(C)| 

2 

1 

2 

I 

o 1 

o 1 


d7i 

del 

d5| 

d4l 

d3| 

d2|dlIdOl 

1 


1 


1 

1 


lANL A,Rr 

Ol 

11 

Ol 

11 

11 

r 1 r 1 r 1 

(A)<-(A)and(Rr) 1 

1 

1 

1 

1 

-1 

-1 







1 1 ! 

r = 0 - 7 1 


1 


1 

1 


lANL A,(§Rr 

Ol 

11 

Ol 

11 

Ol 

o 

o 

(A)<-(A)and((Rr)) I 

1 

1 

1 

1 

-1 

-1 







J 1 1 

r = 0,1 1 


1 


1 

1 


lANL A,#Data 

Ol 

11 

Ol 

11 

Ol 

Ol 11 li 

(A)<-(A)and Data I 

2 

1 

2 

1 

-1 

-1 


d7| 

del 

d5| 

d4i 

d3| 

d2|dlIdO1 

1 


1 


1 

1 


lORL A,Rr 

Ol 

11 

Ol 

Ol 

11 

r 1 r 1 r 1 

(A)<-(A)or(Rr) I 

1 

1 

1 

1 

-1 

-1 







1 1 1 

r = 0 - 7 1 


1 


1 

1 


lORL A,(aRr 

Ol 

11 

Ol 

o| 

Ol 

Ol Ol rl 

(A)<-(A)or((Rr)) I 

1 

1 

1 

1 

-1 

-1 







1 1 1 

r = 0,1 1 


1 


1 

1 


1 ORL 

Ol 

11 

Ol 

Ol 

Ol 

Ol l! 1| 

(A)<-(A)or Data 1 

2 

1 

2 

1 

-1 

- j 

1 

d7| 

del 

d5| 

d4| 

d3| 

d2ldlld0| 

1 


1 


1 

1 


IXRL A, Rr 

11 

11 

Ol 

11 

11 

r 1 r 1 r 1 

(A)<-(A)Eor(Rr) I 

1 

1 

1 

1 

-1 

-1 







1 1 1 

r = 0 - 7 1 


1 


1 

1 


IXRL A,@Rr 

11 

11 

Ol 

11 

Ol 

Ol Ol rl 

(A)<-(A)Eor((Rr)) | 

1 

1 

1 

1 

-1 

- j 







1 1 1 

r = 0,1 1 


1 


1 

1 


iXRL A,#Data 

Ol 

11 

Ol 

Ol 

Ol 

01 11 1| 

(A)<-(A)Eor Data | 

2 

1 

2 

1 

-1 

-1 


d7i 

del 

d5| 

d4| 

d3| 

d2ldl|d0| 

1 


1 


1 

1 


IlNC A 

Ol 

ol 

Ol 

11 

Ol 

11 11 11 

(A)<-(A)+1 1 

1 

1 

1 

1 

-1 

-1 

IDEC A 

o| 

0 1 

Ol 

o| 

Ol 

11 li 11 

(A)<-(A)-1 1 

1 

1 

1 

1 

-1 

-1 

1 CLR A 

ol 

ol 

11 

Ol 

ol 

11 11 11 

(AX-O 1 

1 

1 

1 

1 

-1 

-1 

1 CPL A 

ol 

ol 

11 

11 

ol 

11 11 11 

(aX-not (a) 1 

1 


1 

1 

-1 

-1 

Ida a 

ol 

11 

Ol 

11 

ol 

11 11 ll 

Decimal Adjust I 

1 

1 

1 

1 

0 1 

-j 







1 1 1 

Accumulator 1 


1 


1 

1 


1 SWAP A 

ol 

11 

Ol 

ol 

ol 

11 ll ll 

(A4-7)->(A0-3) 1 

1 

1 

1 

1 

-1 

-1 







1 1 1 

1 1 1 

<- 1 

1 


1 

1 


1 

1 

1 

1 
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1 Mnemonic 

1 Instruction 

Code 

1 

Operation 

iBytes 1 

1 1 

Cycles 1 

Flag 1 

1 D7ID61 

D5 |D4|D3| 

D2| 

D1 iDOl 


Cl ACl 

IRL A 

\lT 

TT 

1 1 Ol 

or 

1 1 

11 ll 

(An+1)<-(An) 

1 1 1 

1 1 

- |, - I 


1 1 

1 

1 1 

1 

1 

1 1 

n = 0 - 6 

1 1 

1 

1 1 

IRLC A 

1 1 1 

11 

1 1 1 1 

ol 

1 1 

1 1 1 1 

(An+1)<-(An) 

1 1 1 

1 1 

- 1 - 1 


i 1 

1 

1 1 

1 

1 

1 I 

n = 0 - 6 

1 1 

1 

1 1 


1 1 

1 

1 1 

1 

1 

1 1 

(C)<-(A7) 

1 1 

1 

1 1 


1 1 

1 

1 1 

1 

1 

1 1 

(A0)<-(C) 

1 1 

1 

1 1 

|RR A 

1 01 

11 

1 1 11 

0 1 

1 1 

1 1 ll 

(An)<-(An+1) 

1 1 1 

1 1 

- 1 - 1 


1 1 

1 

1 1 

1 

1 

1 1 

n = 0 - 6 

1 1 

1 

1 1 


1 1 

1 

1 1 

1 

1 

1 1 

(A7)<-(A0) 

1 1 

1 


IRRC A 

1 ol 

11 

1 1 Ol 

ol 

1 1 

ll ll 

(An)<-(An+1) 

1 1 1 

1 1 

-I -1 


1 1 

1 

1 1 

I 

1 

1 1 

n = 0 - 6 

1 1 

1 

1 1 


1 1 

1 

1 1 

1 

1 

1 1 

(C)<-(A0) 

1 1 

1 

1 1 


1 1 

1 

1 1 

1 

1 

1 1 

(A7)<-(C) 

1 1 

1 

1 1 


Input/Output Instruction 


1 Mnemonic 

1 Instruction Code 

1 

Operation 

1 Bytes 

1 

iCycles 

1 

1 FlagI 

|D7|D6| 

D5ID4I 

D3|D2 

|D1 

iDOl 

1 ClACl 

|IN A,Pp 

1 Ol Ol 

Ol Ol 

ll 0 

1 P 

1 Pl 

(A)<-(Pp) 

1 

1 

1 

2 

1 - 1 - 1 


1 1 1 

1 1 

1 


1 1 

p = 1, 2 

1 


1 


1 1 1 

lOUTL Pp,A 

1 01 Ol 

ll ll 

ll 0 

1 P 

1 P 1 

(Pp)<-(A) 

1 

1 

1 

2 

1 -1-1 


1 1 1 

1 1 

1 


1 1 

p = 1, 2 

1 


1 


1 1 1 

1 ANL Pp ,#Data 

1 ll Ol 

Ol ll 

ll 0 

1 P 

1 P 1 

(Pp)<“ (Pp) and 

Data 1 

2 

1 

2 

1 - 1 - 1 


Id7|d6| 

d5|d4| 

d3|d2 

Idl 

Idol 

p = 1, 2 

1 


1 


1 1 1 

IORL ,i^Data 

1 ll Ol 

Ol Ol 

ll 0 

1 P 

1 P 1 

(Pp)<-(Pp)or 

Data 1 

2 

1 

2 

1 - 1 - 1 


Id7|d6| 

d5|d4| 

d3| d2 

Idl 

Idol 

p = 1, 2 

1 


1 


1 1 1 

1 INS A,BUS 

1 Ol Ol 

Ol Ol 

ll 0 

1 0 

1 Ol 

(A)<-(BUS) 

1 

1 

1 

2 

1 - 1 - 1 

lOUTL BUS,A 

1 Ol Ol 

Ol Ol 

Ol 0 

1 1 

1 Ol 

(BUS)<-(A) 

1 

1 

1 

2 

1 -1 -1 

lANL BUS,#Data 

1 ll Ol 

Ol ll 

ll 0 

1 0 

1 Ol 

(BUSX- 

1 

2 

1 

2 

1 - 1 - 1 


|d7ld6| 

d5id4| 

d3|d2 

Idl 

Idol 

(BUS)and 

Data 1 


1 


1 1 1 

lORL BUS,7'/Data 

1 ll Ol 

Ol Ol 

ll 0 

1 0 

1 Ol 

(BUSX- 

1 

2 

1 

2 

1-1-1 


Id7|d6| 

d5|d4| 

d3|d2 

Idl 

Idol 

(BUS) or 

Data 1 


1 


1 1 1 

IMOVD A,Pp 

1 Ol Ol 

Ol Ol 

ll 1 

1 P 

1 P 1 

(A0-3)<-(Pp) 

1 

1 

1 

2 

1 - 1 - 1 


I 1 1 

1 1 

1 


1 1 

(A4-7)<- 0 

1 


1 


1 1 1 


1 1 1 

1 1 

1 


1 1 

p = 4 *• 7 

1 


1 


1 1 1 

IMOVD Pp,A 

1 Ol Ol 

ll ll 

ll 1 

1 P 

1 P 1 

(Pp)<-(AO-3) 

1 

1 

1 

2 

1 -1 -1 


1 1 1 

1 1 

1 


1 1 

p = 4 - 7 

1 


1 


1 1 1 

lANLD Pp,A 

1 ll Ol 

Ol ll 

ll 1 

1 P 

1 P 1 

(PpX- 

1 

1 

1 

2 

1 -1 -1 


1 1 1 

1 1 

1 


1 1 

(Pp)and(A0-3)I 


1 


1 1 1 


1 1 1 

1 1 

1 


1 I 

p = 4 - 7 

1 


1 


1 1 1 

lORLD Pp,A 

1 ll ol 

Ol ol 

ll 1 

1 P 

1 P 1 

(PpX- 

1 

1 

1 

2 

1 - 1 - 1 


1 1 1 

1 1 

1 


1 1 

(Pp)or (AO-3) 1 


1 


1 1 1 


1 1 1 

1 1 

1 


1 1 

P = 4 - 7 

1 


1 


1 1 1 
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Mnemonic 


INC Rr 


INC @Rr 


DEC Rr 



1 0| 0| 01 
till 

11 

1 

ll 

1 

rl 

1 

rl rl 

1 1 

1 1 1 1 

1 ol 01 01 

till 

1 

11 

1 

1 

ol 

1 

Ol 

1 

1 1 
01 rl 

1 1 

1 1 1 1 

1 ll 11 ol 

1 1 1 1 

1 

01 

1 

ll 

1 

I 

rl 

1 

1 1 
rl rl 

1 1 


Operation 


(RrX—(Rr) + 1 
r = 0 - 7 
((Rr))<-((Rr))+l 
r = 0, 1 
(Rr)<--(Rr)-l 
r = 0 - 7 




Mnemonic 


Instruction Code 


1 D7|D6|D5|D4|D3|D2|D1|D0 

JMP Address 

al0|a9|a8| 0| 0| 1| Ol 0 
a7|a6|a5|a4|a3ia2|al|a0 

1 1 1 1 1 1 1 

JMPP @A 

DJNZ Rr 
Address 

1 1 1 1 1 1 1 

ll 01 ll ll Ol 01 ll 1 

ll ll ll 01 ll rl rl r 

a71a61a51a41a31a21al1aO 

1 1 1 1 1 1 1 

JC Address 

1 1 1 1 1 1 I 

ll ll ll ll Ol ll ll 0 

a7Ia6|a5|a4la3|a2ial|a0 

1 1 1 1 1 1 1 

JNC Address 

1 1 1 1 1 1 1 

ll ll ll Ol Ol ll ll 0 

a7|a6|a5|a4|a3|a2|al|a0 

1 1 1 1 1 1 1 

JZ Address 

1 1 1 I 1 i I 

ll ll Ol Ol Ol ll ll 0 

a7|a6|a5|a4|a3|a2|al|a0 

1 1 1 1 1 1 1 

JNZ Adress 

1 1 1 1 1 1 1 

ll Ol Ol ll Ol ll ll 0 

a7|a6|a5|a4|a3|a2|al|a0 

1 1 1 I 1 1 1 

JTO Adress 

1 1 1 1 1 1 1 

Ol Ol ll ll Ol ll ll 0 

a7|a6|a5|a4|a3|a2|al|a0 

1 1 1 1 1 I 1 

JNTO Address 

1 1 1 1 1 1 1 

Ol Ol ll Ol Ol ll ll 0 
a7|a6|a5|a4|a3ia2iallaO 

1 1 1 1 1 1 1 

JTl Address 

1 1 1 1 1 1 1 

Ol ll Ol ll Ol ll ll 0 

a7|a6|a5|a4[a3|a2|al|a0 

1 1 1 1 1 1 1 

JNTl Address 

1 1 1 1 1 1 1 

Ol ll 0| Ol Ol ll ll 0 

a7|a6|a5|a4|a3|a2|allaO 

1 I 1 1 1 1 1 

1 1 1 1 1 1 1 


Operation 


(PC0-7)<—(aO-7) 
(PC8-10)<~(a8-10 
(PCllX—DBF 
(PC0>7X—((A)) 
(Rr)<--(Rr)-l 
if Rr not 0 
(PC0-7)<—(aO-7) 
(PC0-7)<—(aO-7) 
if C = 1 
(PCX—(PC) + 2 
if C = 0 
(PCO-7)<-(aO-7) 
if C = 0 
(PCX—(PC) + 2 
if C = 1 

(PC0-7)<—(aO-7) 
if (A) = 0 
(PCX— (PC) + 2 
if (A).NEQ.O 
(PC0-7)<—(aO-7) 
if (A).NEQ.O 
(PCX—(PC) + 2 
if (A) = 0 
(PC0-7)<—(aO-7) 
if TO = 1 
(PCX—(PC) + 2 
if TO = 0 
(PC0-7)<—(aO-7) 
if TO = 0 
(PCX—(PC) + 2 
if TO = 1 
(PC0-7)<—(aO-7) 
if T1 = 1 
(PCX—(PC)+2 
if T1 = 0 
(PC0-7)<—(aO-7) 
if T1 = 0 
(PCX—(PC) + 2 
if T1 = 1 


Bytes I Cycles | Flag | 
I I C I AC I 
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Mnemonic 


JFO Address 


JFl Address 


JTF Address 


JNI Address 


JBb Address 


CALL Address 


Instruction Code 


Operation 


(PC0-7)< —(aO-7) 
if FO = 1 
(PC)<--(PC)+2 
if FO = 0 
(PC0-7)< —(aO-7) 
if FI = 1 
(PCX—(PC)+2 
if FI = 0 
(PC0-7)< —(aO-7) 
if TF = 1 
(PCX—(PC)+2 
if TF = 0 
(PC0-7X—(aO-7) 
if INT = 0 
(PCX—(PC)+2 
if INT = 1 
(PC0-7X—(aO-7) 
if (Bb) = 1 
(PCX—(PC)+2 
if (Bb) = 0 
(b = 0 - 7) 
((SP)X— 

(PC), (PSW4-7) 
(SPX—(SP) + 1 
(PC8-10)<—(a8-10) 
(PC0-7)<—(aO-7) 
(PCllX—DBF 
(SPX—(SP)-l 
(PCX—((SP)) 
(SPX—(SP)-l 
(PCX—((SP)) 
(PSW4-7)<—((SP)) 


Bytes 


Ct ACl 



Flag Manipulation Instruction 




MCU48-24 

























TOSHIBA 


TMP8048A/TMP8035A,TMP8049A/TMP8039A 


Mnemonic I 

Instruction Code 


1 Operation 

1 Bytes 

1 

1 Cycles 

1 

1 FlagI 

1 

D7|D6|D5|D4|D3|D2|D1iDOl 

1 Cl 

AC| 

MOV A, Rr 1 

11 11 11 ll ll rl 

rl 

r|(A)<— (Rr) 

1 1 

1 

1 

1 - 1 

- 1 

1 

1 1 1 1 1 1 

1 

1 r = 0 - 7 

1 

1 


1 1 


MOV A, (iRr i 

ll ll ll ll 01 0| 

Ol 

ri(A)<— ((Rr)) 

1 1 

1 

1 

1 -1 

- I 

1 

1 1 1 1 1 1 

1 

1 r = 0, 1 

1 

1 


1 1 


MOV A, #Data| 

0| 01 ll 0| 01 01 

ll 

11(A)<-- Data 

1 2 

1 

2 

1 - 1 

- 1 

1 

d7|d6|d5|d4|d3|d2|dlIdol 

1 

1 


1 1 


MOV Rr, A 1 

ll 0| ll 0| ll rl 

rl 

r 1 (Rr)<--(A) 

1 1 

1 

1 

1 - 1 

- 1 

1 

1 1 1 1 1 1 

1 

1 r = 0 - 7 

1 

1 


1 1 


MOV@Rr,A 1 

ll 0| ll 0| 01 0| 

Ol 

rl((Rr))<-(A) 

1 1 

1 

1 

1 -1 

- 1 

i 

1 1 1 1 1 1 

1 

1 r = 0. 1 

1 

1 


1 1 


MOV Rr,#Data| 

ll 0| ll ll ll rl 

rl 

r 1 (Rr)<—Data 

1 2 

1 

2 

1 - 1 

- i 

1 

d7|d6|d5|d4|d3|d2|dlIdOl r = 0 - 7 

1 

1 


1 1 


MOV@Rr,#Data| 

ll 01 ll ll 0| 0| 

Ol 

r1((Rr))<—Data 

1 2 

1 

2 

1 - 1 

-1 

1 

d7|d6|d5|d4|d3|d2|dlIdol r = 0, 1 

1 

1 


1 1 


MOV A,PSW 1 

ll ll 0| 0| 01 ll 

ll 

1|(A)<-- (PSW) 

1 1 

1 

1 

1 -1 

-1 

MOV PSW, A 1 

ll ll 0| ll 01 ll 

ll 

11 (PSWX—(A) 

1 1 

1 

1 

1 -1 

-j 

XCH A, Rr 1 

1 

0| 0| ll 0| ll rl 

1 1 1 1 1 1 

rl 

1 

r|(A)—>(Rr) 

1 1 

1 

1 

1 

1 

1 1 

-1 

1 

1 

1 1 1 1 1 1 

1 

1 

1 ^ — 

1 r = 0 - 7 

1 

1 

1 

1 


1 1 

1 1 


XCH A,(aRr 1 

0| 0| ll 0| 0| 0| 

1 1 1 1 1 1 

Ol 

1 

r|(A)—>((Rr)) 

1 _ 

1 1 

1 

1 

1 

1 

1 1 

-1 

1 

1 

1 1 1 1 1 1 

1 1 1 1 1 1 

1 

1 

1 V 

1 r = 0, 1 

1 

1 

1 

1 


1 1 

1 1 


XCHD A,(aRr | 

1 

ol 01 ll ll 01 0 | 

1 1 1 1 1 1 

Ol 

1 

rl (AO-3)—>((RrO-3)) 1 1 

1 1 

1 

1 

1 

1 1 

-1 

I 

1 

1 1 1 1 1 1 

1 

1 

1 '' 

1 r = 0, 1 

1 

1 

1 

1 


1 1 

1 1 


MOVX A,(aRr | 

ll ol ol ol ol ol 

Ol 

r|(A)<—((Rr)) 

1 1 

1 

2 

1 -1 

-1 

i 

1 1 1 1 1 1 

1 

1 r = 0, 1 

1 

1 


1 1 


MOVX (3Rr,A | 

ll ol ol ll ol ol 

Ol 

r 1 ((Rr))<~(A) 

1 1 

1 

2 

1 -1 

-1 

1 

1 1 1 1 1 1 

1 

1 r = 0, 1 

1 

1 


1 1 


MOVP A.dA 1 

ll ol ll ol ol ol 

1! 

11 (PC0-7)<—(A) 

1 1 

1 

2 

1 “ 1 

-1 

1 

1 1 1 1 1 1 

1 

!(A)<—((PC)) 

1 

1 


1 1 


MOVP 3 A,(aA 1 

ll ll ll ol ol ol 

ll 

11 (PC0-7)<—(A) 

1 1 

1 

2 

1 - 1 

-1 

1 

1 1 1 1 1 1 

1 

1 (PC8-11)<—0011 

1 

1 


1 1 


1 

1 1 1 1 1 1 

1 

|(A)<—((PC)) 

1 

1 


1 1 
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TOSHIBA 


TMP8Q48A/TMP8035A,TMP8049A/TMP8039A 


Timer/Counter Instruction 


1 Mnemonic 

1 

Instruction Code 


1 Operation 

Bytes 1 

Cycles 

1 FlagI 


1 D7 

|D6iD5 

|D4| 

D3|D2| 

Dll 

D0| 



1 ClACl 

IMOV A,T 

1 0 

1 ll 0 

1 Ol 

Ol 01 

1 1 

01 (A)<—(T) 

1 1 

1 

1 - 1 - 1 

iMOV T,A 

1 0 

1 ll 1 

1 Ol 

Ol Ol 

11 

Ol (T)<—(A) 

1 1 

1 

1 “1 -1 

1 STRT T 

1 0 

1 

1 

1 ll 0 

1 1 

1 1 

1 ll 

Ol ll 

1 1 

1 1 

Ol 

1 

1 

11 Counting is 
[started in the 

1 timer mode 

1 1 

1 

1 1 1 

1 1 1 

1 STRT CNT 

1 0 

1 

1 

1 

1 1 1 0 

1 1 

1 1 

1 1 

1 Ol 

Ol 1 1 

1 1 

1 1 

1 1 

ol 

1 

1 

1 

1 1 Counting is 
!started in the 

1 event counter 

Imode 

1 1 

1 

1 1 1 

1 1 1 

1 1 1 

1 STOP TCNT 

1 0 

1 

1 

1 ll 1 

1 1 

1 1 

1 Ol 

Ol ll 

1 1 

1 1 

ol 

1 

1 

11 Stop both time 

1accumulation and 

1 event counting 

1 1 

1 

1 1 1 

1 I 1 

lEN TCNTl 

1 0 
1 

1 ol 1 

1 1 

1 Ol 

ol 11 

1 1 

ol 

1 

1iTimer interrupt 
lis enabled 

1 1 

1 

1 1 I 

IDIS TCNTl 

1 0 
1 

1 ol 1 

1 1 

1 ll 

ol ll 

1 1 

ol 

1 

llTimer interrupt 
lis disabled 

1 1 

1 

1 1 1 


Control Instruction 



Mnemonic 

1 Instruction 

Code 

1 Operation 

1 Bytes 

1 Cycles 1 

Flag 1 

1 D7|D6!D5|D4| 

D3 

|D2 

IDI 

|D0| 

1 1 

ClACl 


EN I 

1 01 01 01 01 

0 

1 1 

1 0 

1 llExternal interrupt 

1 1 

1 1 1 

“1 “1 



1 1 1 1 1 




1 1 is enabled 


1 1 

1 1 


DIS I 

1 Ol Ol Ol ll 

0 

1 1 

1 0 

1 llExternal interrupt 

1 1 

1 1 1 

“1 - 1 

j 


1 1 1 1 1 




1 lis disabled 


1 1 

1 1 


SEL RBO 

1 ll ll Ol ol 

0 

1 1 

1 0 

1 ll (BSX-- 0 

1 1 

1 1 1 

- 1 - 1 


SEL RBI 

1 ll ll ol ll 

0 

1 1 

1 0 

1 ll (BSX— 1 

1 1 

1 1 1 

- 1 -1 


SEL MBO 

1 ll ll ll ol 

0 

1 1 

1 0 

1 ll (DBFX— 0 

1 1 

1 1 1 

- 1 - 1 


SEL MBl 

1 ll ll ll ll 

0 

1 1 

1 0 

1 ll (DBFX— 1 

1 1 

1 1 1 

“1 -1 


ENTO CLK 

1 ol ll ll ll 

0 

1 1 

1 0 

1 1 [TO is enabled to 

1 1 

1 1 1 

- 1 - 1 



1 1 1 1 1 




1 |act as the clock 


i 1 

1 1 



1 1 1 1 1 




1 1 output 


1 1 

1 1 


NOP 

1 ol ol ol ol 

_0 

1 0 

1 0 

1 OlNo operation 

1 1 

1 1 1 

“1 “I 
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TOSHIBA 


TMP8048A/TMP8035A,TMP8049A/TMP8039A 


1 SYMBOL 

1 ITEM 




1 RATTING 


1 VDD 

1 VDD Supply Voltage (with respect 

to 

gnd 

(vss)) 

1-0.5V to +7V 


1VCC 

|VCC Supply Voltage (with respect 

to 

gnd 

(vss)) 

1-0.5V to +7V 


Ivina 

1 Input Voltage (Except EA) 




1-0.5V to +7V 


1 VINE 

linput Voltage (Only EA) 




1-0.5V to +13V 


IPD 

iPower. Dissipation (Ta = 70’C) 




1 1 .5W 


nj^Qiai 


Time 10 

sec) 

1 260'C 


ITSTG 

IStorage Temperature 




|-55’C to 150'C 


ITOPR 

lOperating Temperature 




o 

o 

rr 

O 

O 

O 



DC CHARACTERISTICS 


TA=0°C to 70°C, VCC=VDD=+5V+10%, VSS=0V, Unless Otherwise Noted. 


1 SYMBOL 

1 

ITEST conditions! 

“^IN. 1 

typ. 1 

MAX. 1 

UNIT 1 

iviL 

1 Input Low Voltage 


-0.51 

- 1 

0.8 1 

V 1 


linput High Voltage 

1 (Except XTALl,XTAL2,RESET 

i 1 

i 1 

m 

H 

H 

V 1 

1 VIHl 

linput High Voltage 

1 (XTALl,XTAL2,RESET) 

1 1 

1 1 

HI 

■ 

HI 

V 1 

1 VOL 

lOutput Low Voltage (BUS) 

|lOL=2.0mA 1 

- 1 

- 1 

0 .45 1 

V 1 

1 VOLl 

lOutput Low Voltage 

1 (RD, WR, PSEN, ALE) 

ilOL=1.8mA 1 

1 1 

-1 

1 

- 1 

1 

0.45 1 

1 

V 1 

1 V0L2 

lOutput Low Voltage (PROG) 

|lOL=1.0mA 1 

-1 

- 1 

0 .45 1 

V 1 

i V0L3 

lOutput Low Voltage 

1 (For other output pins) 

ilOL=1.6mA 1 

i 1 

■ 

HI 

HI 

V 1 

1 VOH 

lOutput High Voltage (BUS) 

1IOH=-400uA 1 

2.41 

- 1 

- 1 

V 1 


lOutput High Voltage 

1 (RD, WR, PSEN, ALE) 

|lOH=-100uA 1 

! 1 

HI 

HI 

HI 

V 1 

B 

lOutput High Voltage 

1 (For other output pins) 

|lOH=-40uA 1 

1 1 

HI 

HI 

HI 

V 1 

llLI 

1 _ 

linput Leak Current (Tl, INT) 

1 

1 1 
Ivss < VIN < vcci 

1 

1 

- 1 

1 

+ 10 1 

1 

uA 1 

1 ILIl 

linput Leak Current 

1 (PlO-17, P20-27 , EA, SS) 

ivSS+0.45<VIN< 1 

1 VCC 1 

1 

1 


-5001 

1 

uA 1 

1ILO 

lOutput Leak Current (BUS, TO) 

1 (High impedance condition 

|VSS+0.45<VIN< 1 

1 VCC “ ~ 1 

1 

1 


+ 10 1 

1 

uA 


DC CHARACTERISTICS 


TA=0°C to 70°C, VCC=VDD=+5V+10%, VSS=0V, Unless Otherwise Noted. 



1 

PARAMETER 

1 TMP8048A/ 

1 TMP8035A 


1 

1 

TMP8049A/ 

TMP8039A 


mi 

11 


I MIN. ITYP.I 

MAX. 

IMIN. 

ITYP. 

IMAX. 1 

UNIT 1 

1IDD 

1 

VDD Supply Current 

1 - 1 10 1 

15 

1 - 

1 15 

1 20 1 

mA 1 

1ICC+IDD 

1 

Total Supply Current 

1 - 1 65 1 

90 

1 - 

1 85 

1120 1 

mA 1 
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TOSHIBA 


TMP8048A/TMP8035A,TMP8049A/TMP8039A 


AC CHARACTERISTICS 

TA=0°C to 70°C, VCC=VDD=+5V+10%, VSS=0V, Unless Otherwise Noted. 


SYMBOL 

1 PARAMETER 

1 

(TEST 

1 CONDITION 

f (t) 

11 

MIN. 1 

MHz 1 
MAX. [ 

UNIT 

t 

1 Clock Cycle Time 

[ 

l/xtal f 

Han 

hd 

ns 

tLL 

1 ALE Pulse Width 

1 

3.5t-170 

1501 

- [ 

ns 

tAL 

lAddress Setup Time (ALE) 

1 

2t-110 

70 [ 

- [ 

ns 

tLA 

lAddress Hold Time (ALE) 

1 CL=20pF 

t-40 

501 

- 1 

ns 


1 _ 

1 Control Pulse Width (RD,WR) 

[ 

1 

7.5t-200 

[ 

480 [ 

H 



1 

1 Control Pulse Width (PSEN) 

I 

1 

6t-200 

[ 

350 [ 

[ 

- [ 

ns 

tDW 

1 _ 
iData Setup Time (WR) 

1 

1 

6.5t-200 

1 

390 [ 

H 


tWD 

1 _ 
iData Hold Time (WR) 

1 

1 CL=20pF 



H 


tDR 

1 

iData Hold Time (PSEN,RD) 

1 

1 CL=20pF 


■ 

m 


tRDl 

1 _ 

[Data Input Read Time (RD) 

1 

6t-170 

1 

[ 

375 [ 

ns 

tRD2 

1 

iData Input Read Time (PSEN) 

[ 

1 

4.5t--170 

1 

IN 


tAW 

1 _ _ 

[Address Setup Time (WR) 

1 

1 

5t-150 

[ 

300 [ 

[ 

ns 

tADl 

1 _ 

[Address Setup Time (RD) 

1 

10 .5t-220 

1 

[ 

730 [ 

ns 

tAD2 


[ 

7.5t-200 

[ 

[ 

460 [ 

ns 

tAFCl 

[ _ 

[Address Float Time (RD) 

1 

1 CL=20pF 





tAFC2 

[ 

[Address Float Time (PSEN) 

1 

1 CL=20pF 


■ 

■ 


tLAFCl 

1 _ 

[ale to Control Time (RD,WR) 

[ 

1 

3t-75 

200 [ 

-1 

ns 


[ 

[ale to Control Time (PSEN) 

1 

1 

1.5t-75 

60 [ 

■ 


tCAl 

[Control to ALE Time 
[ (RD,WR,PROG) 

1 

1 

t-65 

25 [ 

H 

ns 

tCA2 

[ 

[Control to ALE Time (PSEN) 

1 

! 

4t-70 

2901 

■ 


tCY 

[Cycle Time 

1 

15t 

1 .36[ 

15 .0[ 

us 

tCP 

[Port Control Setup Time (PROG)| 

1.5t-80 

50 [ 

- 1 

ns 

tPC 

[Port Control Hold Time (PROG) 

1 

4t-260 

100 1 

- [ 

ns 

tPR 

[Port 2 Input Data Set Time 
[ (PROG) 

! 

1 

8.5t-120 

” j 

6501 

1 

ns 
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rOSHIBA 


TMP8048A/TMP8035A,TMP8049A/TMP8Q39A 


1 SYMBOL 

1 PARAMETER 

1 

TEST 1 

CONDITION I 

f (t) 

11 

MIN. i 

MHz 1 
MAX. 1 

1 

UNIT 1 

ItDP 

iPortZ Output Data Setup Time 

I (P ROG) 

1 

1 


H 

■ 

H 

1 tPD 

lPort2 Output Data Hold Time 

1 (PROG) 

1 

1 

1.5t-90 

40 1 

- 1 

1 

ns 1 

ItPF 

iPort 2 Input Data Hold Time 

1 (PROG) 

1 

1 

1.5t 

0 1 

140 1 
! 

ns 1 

1 tPP 

iPROG Pulse Width 

1 

10.5t-250 

700 1 

- 1 

ns 1 

1 tPL 

|Port2 I/O Data Setup Time(ALE) 

1 

4t-200 

160 1 

- 1 

ns 1 

1 tLP 

1 Port2 I/O Data Hold Time (ALE) 

1 

0.5t-30 

15 1 

- 1 

ns 1 

i tPV 

jPort Output Delay Time (ALE) 

1 

4.5t+100 

-1 

5101 

ns 1 

I tOPRR 

1 Output Clock Cycle Time (TO) 

1 

3t 

2701 

- 1 

ns 1 


1 . 
2 . 
3. 


Control Outpu 
Address Float 
f(t): Assume 


ts ; CL=80pF, BUS Output : CL=150pF. 

Time: BUS Hi-Impedance, CL=20pF 

the 50% duty clock is inputed to XI, X2. 
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TOSHIBA 


TMP8048A/TMP8Q35A,TMP8049A/TMP8039A 


TIMING WAVEFORM 



B . Read from External Data Memory 



C. Write into External Data Memory 
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TMP8048A/TMP8035A,TMP8049A/TMP8039A 
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TOSHIBA 


TMP8Q48A/TMP8035A,TMP 8049A/TMP 8039/ 


PROGRAM TAPE FORMAT 

TMP8048A programs are delivered in the form of paper tape with the 
following format and it required to attach the tape list. The format of paper 
tape is same as the Intel type object tape (hexadecimal tape output by Intel 
MDS system, PROMPT 48 Development Tool, etc.) 


(1) Tape Format 



Leader, 50 "NITLL" characters or more 
-Comment (Record mark Is not included) ■ 

--- Record Mark 

Record Length (2 hexadecimal digits) 


Option 


Loading Address (4 hexadecimal digits) 

"00" .... Normal Record 

Record Type (2 Digits) .... End of File Record 

Data 


Check Sum (2 hexadecimal digits) 

Dritnmy characters (RUBOUT, BLANK) before and after ' (CR)(LF) 
optional. 

■•"Record Mark (Repeated below) 


Trailer, 50 "NULL" characters or more 


• t 


are 


(2) Example of Tape List (TMP8048AP) 

TOSHIBA MICRO COMPUTER TLCS-48 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE67D31F5D8ABA6DF292F113F5C1 
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
: 10003000197352F729F12F79AA9C057C5B851EED77 


: 1003C0005DFDB5E556A67277F61A51C631CF9F0E80 
:10O3DOO0BD2F6F2OE8BB1977E3FB5ADlF41FDAA7E2 
:lOO3EOOOB53D42E0EC32546O25B73O8CDD52063DlD 
:1003F000B4BE9E9E345B6138060B2OVC372BF60BD6 
:00000001FF 
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TOSHIBA 


TMP 8048 A/TMP 80 35 A, TMP 8049 A/TMP 80 39 A 



0.5 ± Q. 1 5 
1.4 ±0.15 


2.54 ±0.25 


-0.05 


Note: 1. This dimension is measured at the center of bending point of leads. 
2. Each lead pitch is 2.54mm, and all the leads are located within 
^0.25mm from their theoritical positions with respect to No.l and 
No .40 leads . 
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TOSHIBA 


TMP8048A/TMP8035A,TMP8049A/TMP8039A 


OUTLINE DRAWING 

TMP 80 48 AT / TMP 80 3 5 AT, TMP 80 4 9 AT / TMP 80 3 9 AT 


PRELIMINARY 

6 


1 44 


40 


Unit in mm 
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TOSHIBA 


TMP80C48AP/-6,TMP80C35AP/-6,TMP80C48AF/-6, 
_TMP 80 C48 AT,TMP 80 C35 AT 


8-BIT SINGLE-CHIP MICROCOMPUTER 

TMP 80 C48 AP/TMP 80 C48 AP-6 
TMP80C35AP/TMP80C35AP-6 
TMP 80 C48 AF /TMP 80 C48 AF- 6 
TMP80C48AT/TMP80C35AT 


GENERAL DESCRIPTION 


The TMP80C48A is a single chip microcomputer fabricated in Silicon Gate CMOS 
technology which provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been included 
in a single chip; an 8-bit CPU, 64 x 8 RAM data memory, IK x 8 ROM program 
memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP80C48A is particularly efficient as a controller. It has extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. 

The TMP80C35A/-6 is the equivalent of a TMP80C48A/-6 without ROM program 
memory on chip. By using this device with external EPROM or RAM, software 
debugging becomes easy. 


The TMP80C48AP/-6 and TMP80C35AP/-6 are in a standard Dual Inline Package. 
The TMP80C48AF/-6 is in a 44-pin Flat Package. 


The TMP80C48AT and TMP80C35AT are packaged 
PLCC (Plastic Leaded Chip Carrier) 

FEATURES 

.TMP 80 C48 AP /TMP 80 C35 AP /TMP 80 C48 AF / 
TMP80C48AT/TMP80C35AT 

1 .36ij1s Instruction Cycle Time 
O'C to 70*C, 5V ± 10% 

. TMP80C48AP-6/TMP80C35AP-6/TMP80C48AF-6 
2.5 ys Instruction Cycle Time 
-40*C to 85'C, 5V ± 20% 

. Software Upward Compatible with 
TMP8048AP/INTEL's 8048 
. HALT Instruction (Additional Instruction) 
. IK X 8 masked ROM 

. 64 X 8 RAM 

. 27 I/O lines 

. Interval Timer/Event Counter 


in the JEDEC standard type 44pin 


. Low Power 

10mA MAX. in Normal Operation 
(VCC=5V, fXTAL=6MHz) 
lOyA Max. in Power Down Mode 
(VCC=5V, fXTAL : DC) 

. Single Power Supply 
. Power Down Mode (Stand-by Mode) 
. Halt Mode (Idle Mode) 
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TOSHIBA 


TMP80C48AP /-6 ,TMP80C35AP /-6 ,TMP80C48AF/-6 , 
_TMP80C48AT,TMP80C35AT 


PIN CONNECTIONS (TOP VIEW) 


Tod 

] 

V_/ 40 

XTAL]C 

2 

39 

XTAL;,C 

IflESCiC 

3 

4 

36 

37 

§sc 

5 

36 

me 

6 

35 

EAC 

7 

34 


8 

33 

PSEN'CI 

9 

32 

VhB 

10 

31 

ALEC 

11 

30 

BBod 

12 

29 

DBiC 

13 

26 

DB2C 

14 

27 

DB3C 

15 

26 

DB^C: 

16 

25 

BBsC 

17 

24 

DBfeC 

18 

23 

BB7C: 

19 

22 

Vssc 

20 

21 


ZjVcc(+5V) 

DTi 

□ P27 

□ P26 
I3P25 

□ P^ 4 

□ Pl2 

zjPn 

ZJPROG 

□ P 22 

DP 2 , 

31^20 


Flat Package 


PLCC 




O O O rsj r\> IM 

H Z > H 0. 0. 0. 



P24 

P17 

P16 

P15 

P14 

NC 

P13 

P12 

Pll 

PIO 

PS 
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TOSHIBA _ 

BLOCK DIAGRAM 


TMP80C48AP/-6,TMP80C35AP/-6,TMP80C48AF/-6 
_TMP80C48AT,TMP80C35AT 


DBq—DB7 






POWER 

SAVE 



M O 
Z CQ 
ho a 
d >-* 

^ c- 

CQ 

> 


50 HI *-4 


TO C?g 
KJ X 
t- ^ 


H 2 
> 
r 


c- > 

> tJ 
H o 
o » 
S R 
CQ 
03 CQ 

SJ 

O 


03 ^ 

3§ 


CQ O 
H > 
53 W 
O > 


03 tB 
H X 
53 ^ 
O > 
CB Z 
tS O 


Note 1 ) The lower order 4 bit of port 2 output latch are used also for 
input/output operations with the I/O expander. 

Note 2 ) The output latch of port 0 is also used for address output. 


MCU48-37 












TOSHIBA _ 

PIN NAMES AND PIN DESCRIPTION 


TMP80C48AP /-6 ,TMP80C35AP /-6 ,TMP80C48AF/-6, 
_TMP 80 C48 AT,TMP 80 C35 AT 


VSS (Power Supply) 

Circuit GND potential 

VCC (Power Supply) 

+5V during operation 

PS (Input) 

The control signal for the power saving at the power down mode (Active 
Low) 

PROG (Output) 

Output strobe for the TMP82C43P I/O expander. 

PlO - P17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup = SOKQ) . 

P20 - P27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup = 50K(1) . 

P20 - P23 contain the four high order program counter bits during an external 
program memory fetch and serve as a 4-bit I/O expander bus for the 
TMP8243P. 

DBO - DB7 (Input/Output, Tri-State) 

True bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memo ry 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store inst¬ 
ruction, under control of ALE, RD, and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CUC instruction. 

T1 (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 
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TOSHIBA 


TMP80C48AP/-6,TMP80C35AP/-6,rMP80C48AF/-6, 
_TMP80C48AT,TMP80C35AT 


RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during the power down mode. 

ALE (Oupput) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conj unction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into a 
wait state after it has completed the instruction being executed. Also 
used during the power down mode. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High) 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter¬ 
nal source. 

XTAL 2 (Input) 

Other side of crystal input . 
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TlCS-« LIST or IHSTRUCTIOHS (2/4) 


Assembler Object Code 

(1st) Function 

Mnemonic _(2ndJ_ 

Bin. 1 Hex. 


OUTL PP. A OOlllOpp 3«*p (Pp) ♦-(A) 



ORL 

Pp.li 

INS 

A . BUS 

OUTL 

BliS. A 

AML 

M; il l 



t 

JNZ 


JTO 


lOOIlOpp 98»p 
iiiiiiii ii 
lOOOIOpp B8*p 
iiiiiiii ii 
00001000 08 
00000010 02 


IIIIIIII 

Kiodiooo 

iiiiiiii 



A , Pp I OOOOIlpo OC»p 


001111DP 

looinpp 9C^p 

lOOOlI pp 8C> 
OOOllrrr 18»r 
OOOIOOOr 10»r 
llOOIrrr C8«^r 


allOOlOO allM 
aHL 

10110011 B3 
IllOIrrr E8 t 
aHL 


11110110 F6 
aHL 

11100110 E6 
aHL 

11000110 ce 
aHL 

10010110 % 
aHL 

Mii 10110 36 

aHL 


eoister Instruction 


(A)-(BIIS) 

(BUS)-(AC) 



(BUS)«-(BUS) Ai 
(BiB)«-(Bl)S) vl 


(A)<3:0> ♦-(Pp) p-4~7 
(A)<7;4> -0 

(Pp) ♦-(A)<3;0> 0=4~7 
(Pp) ♦-|Pp)A(A)<3:0> p’4~7 
P p) -(Pp)V(A)<3.0> P-4M 
(Rr) *-(Rr)M r-0~7 
l(Rr)l *-((Rr)M r=0.1 
(Rr) ♦-(Rr)-I r=0~7 


(PC)<10:0> «-a 
(PC)<11> ♦-(OBF) 
(PC)<7:0>«-PRO[(PC)<11;8> • (A)] 
(Rr) V(Rr)-l r*0-7 

if(Rr) =!fc0then(Pr)<7;0>-aHL 
else no operation 
if (0-1 then(PC)<7:0>«-aHL 
else no operation 
if(CH0 then(PC)<7:()>i4aHL 
else no operation 
lf(A)=0 then(PO<7;0>^aHL 
else no operation 
if(A)^0 lhen(PC)<7;d> -aHL 
else no operation 
If fO-1 then(PO<7;0>-aHL 
else no operation 


TMP80C48AP /-6 ,TMP80C35AP /-6 ,TMP 80C48AF/-6 
TOSHIBA _TMP80C48AT,TMP80C35AT 

















































































































MCU48-41 


T 

‘Ot 

lb 

4- 

s 

Assenbler 

Mnewnlc 

Object Code 
(1st) 
(2nd) 

Function 

Flag 

C,8C 

1 


i 

i 

[ 

Assenbler 

Hnenonic 

Object Code 
(1st) 
(2nd) 

Function 

Flap 

C.AC 

1 

Bin. 

mm 

Bin. 

mm 


JMTO 

a 

00100110 

26 

If TO'O thcn(PCj<7;0>*-aHL 


2 






lonirrr 

B6-r 

(Rr)*-i r^O-f 


2 




aHt 


else no oneration 








iiiiiiii 

ii 




1 

JT1 

8 

01010110 

56 

if T1-1 theh(PC)<7;0>*-aHL 


2 


H 


HOV 

BRr.li 

lOIIOOOr 

■Ml 

((Rr)l«-I r»0,1 


2 

r 



aHL 


else no operation 




0 




IIIIIIII 

ii 




• 

JKT1 

a 

OiOOOIII) 

46 

if Ti-0 then(PC)<7:0>-aHL 


2 


V 


MOV 

A.PSH 

11000111 

C7 

(8) *-(PSH) 


1 

n 



aHL 


else no operation 




e 


HOV 

PSH.A 

11010111 

■a 

(PSH) ^(8) 


1 

c 

JFO 

a 

10110110 

Be 

If ro=l th€n(PC)<7;0>«-aHL 


2 




XCH 

A.Rr 

OOlOIrrr 

2B^r 

(8) -(Pr) r*0-7 


1 

h 



aHL 


else no operation 




1 


XCH 

A.fRr 

OOlOOOOr 

20«r 

(A) -((Rr)l r-O.i 


1 


JFi 

a 

diiioiiO 

76 

if r1-1 then(PC)<7:0>«-M 


2 


n- 

XCIID 

A.8Rr 

OOllOOOr 

30«r 

(A)<3;0>-*((Rr)<3;0>) r»0.1 


1 

1 



aHL 


else no operation 




s 


HOVX 

IRr. 8 

lOOIOOOr 

90'r 

EXT((Rr)l-(A) r^O.I 


1 

n 

JTF 


ooOioiio 

16 

it TF-1 then(PCj<7;0>«-aHL 


2 


t 


HOVX 

A.fRr 

lOOOOOOr 

80* r 

(A) MXl((Rr)) r=0.1 


1 

t 



aHL 


else no operation 






HOVP 

8,88 

10100011 

83 

(A) -PR0((PC)<11:8>* (8)1 


1 

t 

JKI 

a 

10000110 

86 

if INT -0 then(PC)<7;0>«-aHl 


2 




H0VP3 

A.8A 

11100011 

t3 

(A) -PRO|(PC)<11>- Oil • (8)1 


1 

r 



aHL 


else no operation 




TC 

im 

A.l 

01000010 


(A) ^(TR) 


1 

• 









io 

Rn 

T.A 

01100010 


(TR)-(A) 


1 

c 









RU 

STRT 

T 

01010101 


Start liner 


1 

l 








en 

STRT 

CNF 

01000101 

45 

Start counter 


1 

\ 









rt 

MPM 

TCHT 

01100101 

65 

Stop Tinier/Counter 


1 

0 

Jib 

a 

bbbiOOiO 

Ih12 

If (8)<b>»1 then 


2 



0 

FN 

TCHII 

00100101 

25 

Lnahle Tiner/Counter interrupt 


1 

R 



aHL 


(PC)<7:0>«-aHL 





r 

Em 

TCHTI 

00110101 

35 

Disable liner/Counter Interrupt 


1 






else no operation b-O-^f 














Wll 

a 

aHlOlOO 

aH«l4j 

l(SP)) *-(PSW)<7:4> • (PC) 


2 














aHL 


(SP) «-(SP)*1 


















(PC)<10;0> *-8 




(5) 













(PC)<11> «-(0Br) 













(?) 

RFT 


10000011 

83 

(SP) «-(5P)-1 


2 
















(PC) «-l(SP)l<11;0> 














WTR 


10010011 

93 

(SP) «-(SP)-1 

X t 

2 
















(PC) •-[(SP)1<11;0> 


















(PSH)<7;4> -[|SP)1<15:12> 




C 










CIR 

C 

10010111 

97 

(C)«-0 


1 


0 


FN 

I 

00000101 

05 

Enable External Interrupt 


1 


m 

c 

10100111 

87 

(C)*-HOT(C) 


1 


n 


DIS 

1 

00010101 

15 

Disable External Interrupt 


1 


CIR 


10000101 

85 

(FO) H) 


1 


t 


SFL 

RBO 

11000101 

C5 

(BS)*- 0 


1 

f 

CPI 

FD 

10010101 

95 



1 


E 

1 

StL 

RBI 

11010101 

D5 

(BS)- 1 


1 


CIR 

Ft 

10100101 

85 

(FI) -0 


1 


1 

1 

SEL 

HBO 

11100101 

ts 

(DBF) ♦- 0 


1 


CPI 

FI 

10110101 

B5 

(FI) «-H0T(F1) 


1 


1 

1 

SFL 

HB1 

11110101 

F5 

IDBf) ♦- 1 


1 

■ 


mm 

lllllrrr 

F8*r 

■ IISElj ■■■■■■! (501 

mmin 

n 


1 

1 

INTO 

CLK 

01110101 

75 

Enable Clock Output on TO 


1 

■ 


DOB 

iinooor 

FO*r 

K i HIl lOHHHB SH 

BHjl 

n 


1 

1 








(1) 

HOV 

k ,li 

00100011 

23 

(8) -1 


2 













iitiiiii 

ii 







HALT 

00000001 

01 

Halt 


1 


m 

Rp. A ^ 

fOIOirrr 

88*r 

fir)*- (8) IMK? 


1 


M 

HOP 

00000000 

00 

no opration 


1 


HW 

IRr. k 

lOIOOOOr 

80»r 

l(Rr)l-(8) r*0.1 


1 



(5) •• 

— 8/D Converter Instruction (6) . Other 



(zj • Subroutine Inslroctioh (3) •••••• Flafl Instruction 

(I) Hove Instruction 


TMP80C48AP /-6,TMP80C35AP /-6 JMP80C48AF/-6 
_TMP80C48AT ,TMP80C35AT 































































































































TOSHIBA 


TMP 80C48AP /-6 ,TMP 80C35 AP /-6 ,TMP80C48AF/-6, 
_TMP80C48AT,TMP80C35AT 


TMP 80 C48 AP / TMP 80 C 35 AP / TMP 80 C48 AF / TMP 80 C48 AT / TMP 80 C 35 AT 
ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 


1 SYMBOL 1 ITEM 

1 RATING 


1 

1 VCC 

IVCC Supply Voltage (with 

respect to GND 

(VSS))| -0.5V 

to 

+7V 


1 

1 VINA 

1 Input Voltage (Except EA) 

1 -0.5V 

to 

VCC+0 

.5V 

1 

1 VINB 

linput Voltage (Only EA) 


1 -0.5V 

to 

13V 


1 

1 PD 

iPower Dissipation (Ta=70 

*c) 

1 

250mW 


1 

1 TSOLDER 1 Soldering Temperature (Soldering Timer 10 sec) I 

260'C 


1 

1 TSTG 

1 Storage Temperature 


1 -65*C 

to 

150‘C 


1 

1 TOPR 

lOperating Temperature 


1 O'C to 

70‘C 


1 

DC CHARACTERISTICS 

TOPR=0*C to 70*C, VCC=+5V±10%, VSS=OV, unless 

otherwise noted 




1 SYMBOL 

1 PARAMETER 

1 TEST CONDITIONS | MIN.| TYP. 

1 

MAX. 1 

UNIT 


IVIL 

1 

linput Low Voltage (Except 
IXTALl, XrAL2, RESET) 


1-0.5 1 - 

1 1 

1 

1 

0.8 1 

1 

V 


IVILl 

1 

linput Low Voltage 
j(XTALl, XTAL2, RESET) 


1-0.51 - 

1 1 

1 

1 

0.6 1 

1 

V 


1 VIH 

1 

linput High Voltage (Except 
ixTALl, XTAL2, RESET, PS) 


1 2.2 1 - 

1 1 

1 

1 

VCC 1 

1 

V 


1 VIHl 

1 

linput High Voltage 

KXTALI, XTAL2, RESET, PS) 


10.7 1 - 

1 vccl 

1 

1 

VCC 1 

1 

V 


1 VOL 

1 

1 Output Low Voltage 

1 (Except P10-P17, P20-P27) 

ilOL=1.6mA 

1 1 

1 

1 

0.451 

1 

V 


IVOLl 

1 

1 Output Low Voltage 

1 (P10-P17 , P20-P27) 

ilOL=l.2mA 

1 1 

1 

1 

0.451 

1 

V 


IVOHll 

1 

lOutput High Voltage 

1 (Except P10-P17, P20-P27) 

ilOH=-l .6mA 

1 2.4 1 - 

1 1 

1 

1 

1 

V 


1VOH12 

1 

1 Output High Voltage 

1 (Except P10-P17, P20-P27) 

1IOH=-400uA 

IVCC- 1 - 

1 0.81 

1 

1 

1 

V 


1 VOH21 

1 

lOutput High Voltage 

1 (P10-P17, P20-P27) 

ilOH=-50uA 

1 2.4 1 - 

1 1 

1 

1 

1 

V 


1VOH22 

1 

lOutput High Voltage 
1(P10-P17, P20-P27) 

1 IOH=-25viA 

Ivcc- 1 - 
1 0.81 

1 

1 

1 

V 


IILI 

1 

linput Leak Current 
i(Tl, INT, EA, PS) 

ivSS<VIN<VCC 


1 

1 

±10 1 

1 

UA 


IILII 

1 

linput Leak Current 
i(SS, RESET) 

ivSS<VIN<VCC 


1 

1 

-50 1 

1 

yA 


1ILI2 

1 

linput Leak Current 

1 (P10-P17, P20-P27) 

|VSS+0.45V<VIN<VCC| - | - 

1 ■ " 1 1 

1 

500 1 

1 

yA 


|ILO 

1 

lOutput Leak Current(BUS,TO) 
1(High impedance condition) 

1VSS+0.45V<VIN<VCC| - | - 

1 ■ “ 1 1 

1 

±10 1 

yA 


licci 

1 

1 1 Normal 

IVCC Supply 1 operation 

|VCC»5V,fXTAL=6MH2l - |- 

1VIH»VCC-0.2V 1 1 

1 

1 

10 1 

1 

mA 


liCCHl 

1 

1 Current | 

|VIL=0.2V 

1 

1 1 

1 

1 

2.51 

1 



|ICC2 

1 

1 1 Normal 

IVCC Supply 1 operation 

1VCC=5V, 

|fXTAL=llMHz 

1 1 

1 

1 

15 1 

1 

mA 


1ICCH2 

! 

1 Current 1 

1VIH=VCC-0.2V 
lVIL»0.2V 

1 1 

_L 

4.01 

1 




MCU48-42 









































TOSHIBA 


TMP80C48AP/-6,TMP80C35AP/-6,rMP80C48AF/-6 
_TMP80C48AT,TMP80C35AT 


TMP 80 C48 AP / TMP 80 C 35 AP / TMP 80 C48 AF / TMP 80 C48 AT / TMP 80 C 35 AT 
AC CHARACTRISTICS 


TOPR=0‘ 

C to 70*C, VCC=+5V±10%, VSS=0V, 

unless otherwise noted 

• 




1 SYMBOL 

1 PARAMETER 


ITEST 

1 f(t) 1 

11 

MHz 

lUNIT 1 

1 

1 


1 CONDITION 

1 1 

MIN. 

MAX. 

1 

1 

1 t 

1 Clock Period 


iNote 2 

1 1/xtal £ 1 

90.9 

1000 

T 

ns 1 

1 tLL 

1 ALE Pulse Width 


1 

|3.5t-170 1 

150 

- 

1 

ns 1 

I tAL 

lAddress Setup Time (ALE) 


1 

1 2t-110 1 

70 

- 

1 

ns 1 

1 tLA 

lAddress Hold Time (ALE) 


1 a=20pF 

1 t-40 1 

50 

- 

n 

Esn 

1 tcci 

1 Control Pulse Width 


1 

|7.5t-200 1 

480 

- 

1 

ns 1 

1 

1 (RD, WR) 



1 1 



1 

1 

1 tCC2 

1 Control Pulse Width 


1 

1 6t-200 1 

350 


D 

rgjp 

1 

1 (PSEN) 


1 

1 1 


miiiii 

H 

mu 

1 tDW 

1 

iData Setup Time 
! (WR) 


1 

1 

|6.5t-200 1 

1 1 

390 


1 

1 

ns 1 

1 

1 tWD 

[Data Hold Time 


!CL=20pF 

1 t-50 1 

40 

imii 

D 


1 

1 (WR) 


I 

1 1 



H 


1 tDR 

iData Hold Time 


|CL=20pF 

1 

|1.5t-30 1 

0 

110 

1 

ns 1 

1 

1 (RD, PSEN) 


1 1 



1 

1 

1 tRDl 

iData Input Read Time 


1 

|5.5t-120 1 

- 

375 

1 

ns 1 

! 

1 (RD) 


1 

1 1 



1 

I 

1 tRD2 

iData Input Read Time 


i 

1 4t-120 1 

- 


p 

E9 

I 

1 (PSEN) 


1 

1 1 



II 

■■ 

1 tAW 

1 

lAddress Setup Time 

1 (WR) 


! 

i 

1 5t-150 1 

1 1 

300 


1 

1 

ns 1 

1 tADl 

lAddress Setup Time 


1 

1 10t-170| 

- 

730 

1 

ns 1 

1 

1 (RD) 


1 

1 1 



1 


1 tAD2 

lAddress Setup Time 


i 

1 7t-170 1 

- 

460 

1 

ns 1 

1 

1 (PSEN) 


1 

1 1 



1 


1 tAFCl 

lAddress Float Time 


1 a=20pF 

1 

1 2t-40 1 

140 

- 

1 

ns 1 

1 

1 (RD, WR) 


1 1 



1 


1 tAFC2 

lAddress Float Time 


ICL=20pF 

|0.5t-40 1 

10 

- 

1 

ns 1 

1 

1 (PSEN) 


1 

1 1 



1 


ItLAFCllALE to Control Time 


1 

1 3t-75 1 

200 

- 

1 

ns 1 

I 

1 (RD, WR) 


! 

1 1 



1 


1 tLAFC2 

|ALE to Control Time 


1 

|1.5t-75 1 

60 

- 

1 

ns 1 

1 

1 (PSEN) 


I 

1 1 



1 


1 tCAl 

1 Control to ALE Time 


1 

1 t-65 1 

25 

- 

1 

ns 1 

1 

1 (RD, WR, PROG) 


1 

1 1 



1 


1 tCA2 

1 Control to ALE Time 


1 

1 4t-70 1 



p 


1 

1 (PSEN) 


1 

1 ! 



n 

m 

1 tCP 

iPort Control Setup Time 

(PROG) 

1 

|1.5t-80 1 

50 

B3li 

u 


1 tPC 

|Port Control Hold Time 

(PROG) 

1 

1 4t-260 1 

100 

- 

11 

ESI 

1 tPR 

1 

|Port 2 Input Data Setup 

1 (PROG) 

Time 

1 

1 

|8.5t-120 1 

1 1 

— 

650 

1 

1 

ns 1 

1 tPF 

iPort 2 Input Data Hold Time 

1 

|1.5t 1 

0 

140 

T 

ns 1 

1 

1 (PROG) 


1 

1 1 



1 


1 tDP 

1 

|Port 2 Output Data Setup 
1 (PROG) 

Time 

1 

1 

1 6t-290 1 

250 


1 

1 

ns 1 

1 tPD 

|Port 2 Output Data Hold 

Time 

1 

|1.5t-90 1 

40 

- 

1 

ns 1 

1 

1 (PROG) 


! 

1 1 



1 
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TOSHIBA 


TMP 80 C48 AP /-6, TMP 80 C35 AP / - 6, TMP 80 C48 AF /-6, 
_TMP80C48AT,TMP80C35AT 


TMP 80 C48 AP / TMP 80 C 35 AP / TMP 80 C48 AF / TMP 8 0 C48 AT / TMP 80 C 3 5 AT 
AC CHARACTRISTICS (CONTINUE) 


TOPR=0’ 

C to 70'C, VCC=+5V±10%, VSS=0V, 

unless otherwise noted 




1 SYMBOL 

1 PARAMETER 

ITEST 

1 f(t) 1 

11 

MHz 

lUNIT 1 

1 

1 

1 CONDITION 


MIN. 

1 MAX. 

1 1 

1 tPP 

IPROG Pulse Width 


|10.5t-250| 

700 

i 

1 ns 1 

1 tPL 

|Port 2 I/O Data Setup Time(ALE) 


1 4t-200 1 

160 

1 - 

1 ns 1 

1 tLP 

iPort 2 I/O Data Hold Time (ALE) 


|0.5t-30 1 

15 

1 - 

1 ns 1 

1 tPV 

|Port Output Delay Time (ALE) 


|4.5t + 100 1 

- 

1 510 

Ins. 1 

i tOPRR 

|T0 Clock Period 


1 3t 1 

270 

1 - 

1 ns 1 

i tCY 

1 Cycle Time 


1 15t 1 


nmi 

1 us 1 


Note : 1. Control Output CL=80pF. BUS Output CL=150pF. 

2. The f(t) assumes 50% duty cycle on XTALl and XTAL2. 

The Max. Clock frequency is llMHz. and the Min. Clock frequency is 
IMHz. 


MCU48-44 































TOSHIBA 


TMP80C48AP/-6,TMP80C35AP/-6,TMP80C48AF/-6, 
_TMP80C48AT,TMP80C35AT 


TMP80C48AP-6/TMP80C35AP-6/TMP80C48AF-6 ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 



SYMBOL 

1 ITEM 

( 

RATING 



VCC 

|VCC Supply Voltage (with respect 

to GND (VSS))( 

-0.5V to +7V 



VINA 

(Input Voltage (Except EA) 

( 

-0.5V to VCC+0.5V 



VINB 

(Input Voltage (Only EA) 

1 

-0.5V to 13V 



PD 

(Power Dissipation (Ta=85‘C) 

( 

250mW 



TSOLDER 

(Soldering Temperature (Soldering 

Timer 10 sec)[ 

260‘C 



TSTG 

(Storage Temperature 

( 

-65'C to 150*C 



TOPR 

(Operating Temperature 


-40*C to 85‘C 



DC CHARACTERISTICS (l) 

_TOPR = -40’C to 85*C, VCC=+5V±10%) VSS=0V, unless otherwise noted 


( SYMBOL 

1 PARAMETER 

( TEST CONDITIONS 

( MIN. 

1 

TYP . ( 

MAX. [ 

UNIT [ 

[ VIL 

(Input Low Voltage 

1 

( 

( 

(-0 .5 

( 

( 

0.8 ( 

V ( 

(VIH 

(Input High Voltage (Except 
[XTALl, XrAL2, RESET, PS) 

( 

( 2.2 

( 

( 

( 

VCC ( 

V i 

[ VIHl 

[Input High Voltage 
((XTALl, XTAL2, RESET, PS) 

( 

( 

[0.7 
jx VCC 

( 

( 

VCC [ 

V ( 

[VOL 

(Output Low Voltage 
[(Except P10-P17, P20-P27) 

(I0L=1.6mA 
( 

1 ~ 

[ 

( 

0.45 ( 

V ( 

i VOLl 

(Output Low Voltage 
((P10-P17, P20-P27) 

(I0L=1.2mA 
( 

1 

( 

1 

( 

0.45 ( 

V ( 

(VOHll 

(Output High Voltage 
[(Except P10-P17, P20-P27) 

(I0H=-1.6mA 
( 

( 2.4 

[ 

( 

( 

* 1 

V [ 

[ VOH12 

(Output High Voltage 
[(Except P10-P17, P20-P27) 

[IOH=-400UA 

[ 

(VCC- 
( 0.8 

[ 

( 

( 

"" 1 

V [ 

(VOH21 

(Output High Voltage 
( (P10-P17, P20-P27) 

[IOH=-50UA 

[ 

( 2.4 

( 

[ 

( 

"" 1 

V ( 

iVOH22 

(Output High Voltage 
[(P10-P17, P20-P27) 

(IOH=-25}iA 
( 

(VCC- 
( 0.8 

( 

[ 

( 

" 1 

V i 

(ILI 

(Input Leak Current 

1 (T1, INT, EA, PS) 

[VSS<VIN<VCC 

H 


[ 

±10 ( 

UA ( 

[ILIl 

(Input Leak Current 
i(SS, RESET) 

(VSS<VIN<VCC 

s 


( 

-50 ( 

uA i 

IILI2 

(Input Leak Current 
( (P10-P17, P20-P27) 

(VSS+0.45V<VIN<VCC 

s 


( 

-500 ( 

yA i 

(ILO 

(Output Leak Current(BUS,TO) 
((High impedance condition) 

(VSS+0.45V<VIN<VCC 

[ 

( 

( 

( 

±10 ( 

yA i 

[ICCl 

( ( Normal 

( VCC Supply ( operation 

(VCC=5V,fXTAL»6MHz 
(VIH=VCC-0.2V 

( 

( 

( 

1 

10 ( 

mA ( 

[ICCHl 

( Current ( m j 

1 1 HALT Mode 

(VIL=0.2V 
( 

( 

( 

( 

[ 

2.5( 
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TOSHIBA 


TMP80C48AP/-6,TMP80C35AP/-6,TMP80C48AF/-6, 

TMP80C48AT,TMP80C35AT 


TMP80C48AP-6/TMP80C35AP-6/TMP80C48AF-6 ELECTRICAL CHARACTERISTICS 


DC CHARACTERISTICS (II) 

TOPR=-40*C to 85'C, VCC=+5V±20%, VSS=OV, unless otherwise noted. 


I SYMBOL 


1 VIHl 

linput High Voltage 

1 

10.7 1 

- 1 VCC 1 

V 

1 

KXTALl, XTAL2, RESET, PS) 

1 

lx VCCi 

1 1 



PARAMETER 


Input Low Voltage 


Input High Voltage (Except 


TEST CONDITIONS 


Output Low Voltage 
(Except P10-P17, P20-P27) 


VOLl 

1 Output Low Voltage 
|(P10-P17, P20-P27) 

!I0L=1.2mA 

1 

■ 

- 

V0H12 

1 Output High Voltage 
[(Except P10-P17, P20-P27) 

|lOH=-400uA 

1 

Ivcc- 1 

1 0.81 


V0H22 

[Output High Voltage 
|(P10-P17, P20-P27) 

|IOH=-25uA 

1 

Ivcc- 1 

1 0.81 



IILI 

[Input Leak Current 

■ |VSS<VIN<VCC 

1 

[(Tl, INT, EA, PS) 

1 

IlLIl 

1 

[Input Leak Current 
i(SS, RESET) 

|VSS<VIN<VCC 
[ " " 

IILI2 

[Input Leak Current 

[VSS+0.45V<VIN<VCC 

1 

1 (P10-P17, P20-P27) 

1 ■ ■ 


Output Leak Current(BUS,TO) 
(High impedance condition) 


I Normal 

VCC Supply I Operation 

Current 1 t j 


I MIN. 


1-0.5 


10.5 
lx VCC 


IOL=l. 6mA 


MAX. 


0.15 
X VCCi 


VCC 




VSS+0.45V<VIN<VCC| 


VCC=5V,£XTAL=6MHz 

VIH=VCC-0.2V, 

VIH=0.2V 


-VCC 

0.1 


- VCC 

0.01 


±10 



MCU48-46 


























TOSHIBA 


TMP80 C48 AP /-6, TMP 80 C35 AP /-6 ,TMP 80 C48 AF/-6 , 
_TMP80C48AT,TMP80C35AT 


TMP 80 C48 AP - 6 / TMP 8 0 C35 AP - 6 / TMP 80 C48 AF - 6 


AC CHARACTRISTICS 

TOPR=-40*C to 85*0, VCC=+5V±20%, VSS=0V, unless otherwise noted. 


i:>*ia3sni 

PARAMETER 

[TEST 

1 f(t) 

6 

MHz 

mm 

ggn 


1 CONDITION 

1 

MIN. 


n 



Clock. Period 

iNote 2 

! l/xtal f 

166.6 

1000 

1 

ns 1 

1 tLL 

ALE Pulse Width 

1 

|3.5t-170 

410 

- 

1 

ns 1 

1 tAL 

Address Setup Time (ALE) 

1 

1 2t-110 

220 

- 

1 

ns 1 

1 tLA 

Address Hold Time (ALE) 


1 t-40 

120 

- 

1 

ns 1 

1 tcci 

Control Pulse Width 

1 

|7.5t-200 


- 

1 

ns 1 


(RD, WR) 

! 

1 



1 


1 tCC2 

Control Pulse Width 

1 

I 6t-200 

800 

- 

1 

ns 1 


(PSEN) 

I 

1 



1 


1 tDW 

Data Setup Time 

1 

|6.5t-200 

880 

- 

1 

ns 1 


(WR) 

1 

1 



1 


1' tWD 

Data Hold Time 

1 a=20pF 

1 t-50 

120 

- 

1 

ns 1 


(WR) 

1 

1 



1 


1 tDR 

Data Hold Time 

1 a=20pF 

|1 .5t-30 

0 

220 

1 

ns 1 


(RD, PSEN) 

1 

1 



1 


1 tRDl 

Data Input Read Time 

1 

15 .5t-120 

- 

800 

1 

ns 1 


(RD) 

! 

1 



1 


1 tRD2 

Data Input Read Time 

1 

1 4t-120 

- 

550 

1 

ns 1 


(PSEN) 

1 

1 



1 


1 tAW 

Address Setup Time 

1 

1 5t-150 

680 

- 

1 

ns 1 


(WR) 

1 

1 



1 


1 tADl 

Address Setup Time 

1 

1 lOt-170 

- 

1500 

1 

ns 1 


(RD) 

1 

1 



1 


1 tAD2 

Address Setup Time 

1 

1 7t-170 

- 

1000 

1 

ns 1 


(PSEN) 

1 

1 



1 


1 tAFCl 

Address Float Time 

1 a=20pF 

1 2t-40 

290 

- 

1 

ns 1 


(RD, WR) 

1 

1 



1 


1 tAFC2 

Address Float Time 

1 a=20pF 

lO.5t-40 

40 

- 

1 

ns 1 


(PSEN) 

1 

1 



1 


ItLAFCl 

ALE to Control Time 

i 

i 3t-75 

420 

- 

1 

ns 1 


(RD, WR) 

1 

1 



1 


itLAFC2 

ALE to Control Time 

1 

|1.5t-75 

175 

- 

1 

ns 1 


(PSEN) 

1 

1 



1 


1 tCAl 

Control to ALE Time 

1 

1 t-65 

100 

- 

1 

ns 1 


(RD, WR, PROG) 

1 

1 



1 


1 tCA2 

Control to ALE Time 

1 

1 4t-70 

590 

- 

1 

ns 1 


(PSEN) 

1 

1 



1 


1 tCP 

Port Control Setup Time (PROG) 

1 

|1 .5t-80 

170 

- 

1 

ns 1 

1 tPC 

Port Control Hold Time (PROG) 

1 

! 4t-260 

400 

- 

1 

ns 1 

1 tPR 

Port 2 Input Data Setup Time 

1 

|8 .5t-120 

- 

1290 

1 

ns 1 


(PROG) 

1 

1 



1 


1 tPF 

Port 2 Input Data Hold Time 

1 

|1.5t 

0 


n 



(PROG) 

1 




H 


1 tDP 

Port 2 Output Data Setup Time 

1 

1 6t-290 

710 


1 

ns 1 


(PROG) 

1 




1 

1 

1 tPD 

Port 2 Output Data Hold Time 

1 

|1.5t-90 

160 


II 

wjm 


(PROG) 

1 

1 


■■ 

H 

m 
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TOSHIBA 


TMP80C48AP/-6,TMP80C35AP/-6,TMP80C48AF/-6, 
_TMP80C48AT,TMP80C35AT 


TMP 80 C48 AP - 6/TMP 80 C35 AP - 6/TMP 80 C48 AF-6 


AC CHARACTRISTICS (CONTINUE) 

TOPR=-40'C to 85‘C, VCC°->-5V±20%, VSS=0V, unless otherwise noted. 


1 SYMBOL 

PARAMETER 

TEST 

1 f(t) 

1 6 

MHz 

lUNIT1 

1 


CONDITION 

1 

1 MIN. 


mm 

I tPP 

PROG Pulse Width 


110.5t-250 

11500 

- 


1 tPL 

Port 2 I/O Data Setup Time(ALE) 


I 4t-200 

1 460 

- 

1 ns 1 

1 tLP 

Port 2 I/O Data Hold Time (ALE) 


|0.5t-30 

1 130 

- 

1 ns 1 

1 tPV 

Port Output Delay Time (ALE) 


|4.5t + 100 

1 - 

850 

1 ns 1 

1 tOPRR 

TO Clock Period 


1 3t 

1 500 

- 

1 ns 1 

1 tCY 

Cycle Time 


1 15t 

1 2.5 

15.0 

1 ys 1 


Note 


1. Control Output CL=80pF. BUS Output CL=150pF. 

2. The f(t) assumes 50% duty cycle on XTALl and XTAL2. 

The Max. Clock frequency is 6MHz. and the Min. Clock frequency is 
IMHz. 
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TOSHIBA 


TMP80C48AP/-6,IMP 80C35AP/-6,TMP80C48AF/-6, 
_TMP80C48AT,TMP80C35AT 


TIMING WAVEFORM 


A. Instruction Fetch from External Program Memory 



B. Read from External Data Memory 
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TOSHIBA 


TMP80C48AP/-6,TMP80C35AP/-6,TMP80C48AF/-6, 
_TMP80C48AT,TMP80C35AT 


C. Write into External Data Memory 



'CAI “* 


*“ J _ 

J 1 

r 

■ 'cci -- 


WR 


\ 

j— -ow 1 

1*" Vd 

■'/////A 

3 )^ 

■^^/^/y/^YoUTPUT DATA 



, - tj^yj __ 



D. Timing of Port 2 during Expander Instruction Execution 
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TMP80C48AP/-6,TMP80C35AP/-6,rMP80C48AF/-6, 
TOSHIBA _ TMP80C48AT .TMP80C35AT 

POWER DOWN MODE (l) .Data Hold Mode in RAM 


The operation of osci llation circuit is suspended by setting PS terminal to 
low level after RESET terminal has been set to low level. Consequently, all 
the data in RAM area can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 2V. 

PS terminal is set to high level to resume oscillation after VCC has been 
reset to 5V, and then RESET terminal is set to high level, thus, the normal 
mode is restarted from the initialize operation (address 0). 


DC CHARACTERISTICS 

TMP80C48AP/35AP ,TMP80C48AF,TMP80C48AT/35AT: TOPR=0’C to 70'C, VSS=0V 
TMP80C48AP-6/35AP-6 ,TMP80C48AF-6_: TOPR=-40‘C to 85'C, VSS=0V 


1 SYMBOL 1 

PARAMETER 

1 TEST CONDITION 

1 MIN. 


TYP , 


MAX. 

1 

UNIT 

1- 1 

1 VSBl 1 

Standby Voltage(l) 

1 

1 

1 

1 2.0 

1 

1 


1 

1 


1 

1 

V 

m 

Standby Current(1) 

iVCC=5V,VIH=VCC-0.2V, 

1VIL=0.2V 

1 

1 

1 

0.5 

1 

1 

10 

1 

i 

UA 


AC CHARACTERISTICS 

TMP80C48AP/35AP,TMP80C48AF,TMP80C48AT/35AT: TOPR=0'C to 70’C, VSS=0V 
TMP80C48AP-6/35AP-6 ,TMP80C48AF-6 _ : TOPR=-40*C to 85 ’ C, VCC=5 V±20%, VSS=0 V 


1 SYMBOL 

1 PARAMETER 

I TEST CONDITION I 

MIN .I TYP. I 

MAX. 1 

UNIT 1 

ItPSHR 

1 Power Save Hold Time (RESET) 

I I 

I I 

I I 

10 I - I 

■1 

■ 

1 tPSSR 

1 

(Power Save Setup Time (RESET) 

! I 

I I 

1 1 
10 1 - 1 

■ 

1 

mS 1 

1 tVH 

1 

Ivcc Hold Time (PS) 

I I 

I I 

HHl 

■ 

■ 

I tvs 

1 

Ivcc Setup Time (PS) 

I I 

I I 

1 1 

5 1-1 

1 

- 1 

1 

us i 

Note: 

tCY=2.5MS (fXTAL=6MHz) 






TIMING WAVEFORM 
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TMP 80 C48 AP /-6 ,TMP 80 C35 AP /-6 ,TMP 80C48AF/-6, 
TOSHIBA __ TMP 80 C48 AT, TMP 80 C 35 AT 

POWER DOWN MODE (II) . ALL Data Hold Mode 


The operation of oscillation circuit is suspended by setting PS terminal to 
low level after SS terminal has been set to low level. Consequently, all data 
can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 3V. 

PS terminal is set to_high level to resume oscillation after VCC has been 
reset to 5V, and then SS terminal is set to high level, thus, the normal mode 
is restarted continuously from the state just before the power down mode (II). 


DC CHARACTERISTICS 

TMP80C48AP/35AP,TMP80C48AF,TMP80C48AT/35AT: TOPR=0*C to 70'C, VSS=0V 
TMP80C48AP-6/35AP-6 ,TMP80C48AF-6 _ : TOPR=-40’C to 85’C, VSS=0V 


SYMBOL 1 

PARAMETER 

1 TEST CONDITION 

1 MIN.1 

TYP . 1 

1 MAX. 

1 

UNIT 

1 

VSB2 1 

Standby Voltage(2) 

1 

! 

1 1 

1 3.0 1 


1 

! 6.0 

T 

1 

V 

1 

ISB2 1 

Standby Current(2) 

1VCC=5V,VIH=VCC-0.2V, 

1VIL=0.2V 

1 1 

1 - 1 

0.5 ! 

1 

1 10 

1 

1 

UA 


AC CHARACTERISTICS 

TMP80C48AP/35AP ,TMP80C48AF,TMP80C48AT/35AT: TOPR=0*C to70 ' C, VSS=5V±10%, VSS=0V 
TMP80C48AP-6/35AP-6,TMP 80C48 AF-6 _ : TOPR=-40’C to 85 ‘ C, VCC=5V±2Q% , VSS=0 V 


1 SYMBOL 

1 PARAMETER 

ITEST 

CONDITION 1 

MIN. 

1 TYP . 1 MAX. 1 

UNIT 1 

1 

1tPSHS 

iPower Save Hold Time (SS) 

1 

1 

1 

1 

10 

■HH 

m 

IPHBi 

jpower Save Setup Time (SS) 

1 

1 

1 

10 

1 1 1 

1 - 1 - 1 

1 

mS 1 

1 

1 tVH 

IVCC Hold Time (PS) 

1 

1 

1 

1 

5 

BMH 

■ 

1 

Itvs 

IVCC Setup Time (PS) 

1 

1 

1 

1 

5 


■ 


Note: tCY=2.5uS (fXTAL=6MHz) 


TIMING WAVEFORM 


^CC 

SS 


PS 




ti- _r 

\- /f - f 

tvH 

- /f. - 



^VS 



*PSHS 


tpsss 
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TOSHIBA 


TMP80C48AP/-6,TMP80C35AP/-6,TMP80C48AF/-6, 
_TMP80C48AT ,TMP80C35AT 


HALT MODE 

. 1 HALT INSTRUCTION 

OP code is "OlH”. HALT INSTRUCTION is an additional instruction to the 
standard 8048/8049 instruction set. 

. 2 Entry to HALT MODE 

On the execution of HALT INSTRUCTION, TMP80C48A/TMP80C35A enter HALT 
MODE. 

. 3 Status in HALT MODE 

The oscillator continues its operation, however, the internal clocks and 
internal logic values just prior to the execution of HALT INSTRUCTION are 
maintained. Power consumption in HALT MODE is less than 50% of normal 
operation. The status of each pins are described in the following table. 

. 4 Release from HALT MODE 

HALT MODE is released by either of two signals (RESET,INT). 


(1) RESET Release Mode : An active RESET input si.gnal causes the normal reset 
function. TMP80C48A/TMP80C35A start the program at address "000 H". 

(2) INT Release Mode : An active INT input signal causes the normal oper¬ 
ation . 

In case of interrupt enable mode (El MODE), TMP80C48A/TMP80C35A execute 
the interrupt service routine, after the execution of one instruction 
which is located at the next address after HALT INSTRUCTION. 

In case of interrupt disable mode (DI MODE), TMP80C48A/TMP80C35A execute 
normal operation from the next address after HALT INSTRUCTION. 

. 5 Supply Voltage Range in HALT MODE 

The operating supply voltage range and the operating temperature range 
are same as in normal operation. 
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TOSHIBA 


TMP80C48 AP /-6 ,TMP80 C35 AP /-6 ,TMP 80 C48AF/-6, 
_TMP80C48AT,TMP80C35AT 


PIN STATUS IN POWER DOWN MODE (I) (II) 



PIN NAME 


DBO - DB7 


PIO - P17 


P20 -.P27 


TO 


T1 


XTALl 


XTAL2 


RESET, SS 


INT, EA 


RD, WR, ALE 
PROG, PSEN 


STATUS 


High impedance 
Input disabled 


High impedance, input disabled 


Input disabled 


High impedance 


Output "High" Level 


Input disabled when oscillator is stopped 
Pull-up transistors turn off. 


Input disabled when oscilltor is stopped. 


High impedance 
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TOSHIBA 


TMP 80 C48 AP / - 6, TMP 80 C35 AP / - 6 ,TMP 80 C48 AF / - 6 
_TMP80C48AT ,TMP80C35AT 


OSCILATOR 

QUARTZ CRYSTAL 


f = iMHz 

to 

4MHz : 

: Cl = C2 = 30pF 

f = 4MH2 

to 

llMHz ; 

: Cl = C2 = 20pF 

CERAMIC RESONATOR 
f = IMHz to 3MH2 : 

: Cl = C2 = lOOpF 

f = 3MHz 

to 

llMHz ; 

: Cl = C2 = 30pF 



TYPICAL CHARACTARISTICS: Vcc = 5V, Ta = 25*C, unless otherwise noted. 




5 ^0 



(uA) 


Preset 


Preset 


Preset 


TYPICAL CURVE 



VqUT ■ ^OH ■typical curve 
(DB .CONTROL) 

12 3 4 


V 

OUT 


(V) 
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3.2MIN I r . 5.0MAX 


TMP80C48AP/-6,TMP80C35AP/-6,TMP80C48AF/-6, 
TOSHIBA _ TMP80C48AT,TMP80C35AT 



Note: 1. This dimension is measured at the center of bending point of leads. 

2. Each lead pitch is 2.54mm, and all the leads are located within 
±0.25mm from their theoritical positions with respect to No.l and 

XI ^ /.n ^ ^ ^ 
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TOSHIBA 


TMP80C48AP/-6,TMP80C35AP/-6,TMP80C48AF/-6, 
_TMP80C48AT,TMP80C35AT 




















TOSHIBA 


TMP 80C48AP /-6 ,TMP 80C35AP /-6 ,TMP 80C48AF/-6, 
TMP8QC48AT.TMP80C35AT 


OUTLINE DRAWING (Plastic Leaded Chip Carrier) 


unit in mm 








TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
_ TMP80C49AT.TMP80C39AT 


8-BIT SINGLE-CHIP MICROCOMPUTER 

TMP 80 C49 AP/TMP 80 C49 AP-6 
TMP80C39AP/TMP80C39AP-6 
TMP 80 C49 AF/TMP 80 C49 AF - 6 
TMP80C49AT/TMP80C39AT 


GENERAL DESCRIPTION 

The TMP80C49A is a single chip microcomputer fabricated in Silicon Gate CMOS 
technology which provides internal 8-bit parallel architecture. 


The following basic architectural functions of a computer have been included 
in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM program 
memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP80C49A is particularly efficient as a controller. It has extensive bit 
handling capability as well as facilities for both binary and BCD arithme¬ 
tic. 

The TMP80C39A/-6 is the equivalent of a TMP80C49A/-6 without ROM program 
memory on chip. By using this device with external EPROM or RAM, software 
debugging becomes easy. 


The TMP80C49AP/-6 and TMP80C39AP/-6 are in a standard Dual Inline Package. 
The TMP80C49AF/-6 is in a 44-pin Flat Package. 

The TMP80C49AT and TMP80C39AT are packaged in the JEDEC standard type 44pin 
PLCC (Plastic leaded Chip Carrier). 

FEATURES 


TMP 80 C49 AP/TMP 80 C39 AP/TMP 80 C49 AF/ 
TMP80C49AT/TMP80C39AT 
1 .36us Instruction Cycle Time 
O'C to 70*C, 5V ± 10% 

TMP 80 C49 AP-6/TMP 80 C39 AP-6/TMP 80 C49 AF-6 
2.5 us Instruction Cycle Time 
-40’C to 85*C, 5V ± 20% 

Software Upward Compatible with 
TMP8049AP/TMP80C49P-6/INTEL'S 8049 
HALT Instruction (Additional Instruction) 
2K X 8 masked ROM 
128 X 8 RAM 
27 I/O lines 

Interval Timer/Event Counter 


Low Power 

10mA MAX. in Normal Operation 
(VCC=5V, fXTAL=6MHz) 
lOuA Max. in Power Down 
(VCC=5V, fXTAL: DC) 

Single Power Supply 

Power Down Mode (Stand-by Mode) 

Halt Mode (Idle Mode) 
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TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6 
_TMP80C49AT,TMP80C39AT 


PIN CONNECTIONS (TOP VIEW) 


Toe 

XTALj C 
XTAL^C 

^sc 

Tnic 

EAC 

URC 

ALEC 

DBoC 

DBiC 

DB 2 C 

DB 3 C 

DBi,C 

DBsC 

DB^C 

DB 7 C 

Vssc 


1 

2 

3 

4 

5 

6 

7 

8 
9 

]0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


w 


40 

39 

3B 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 


::3Vcc 

DTi 
DP27 
□ P26 
=3P25 
Zi?2U 

PT 37 

’16 


(+5V) 


u 


:3P12 
□ Pll 

PROG 
^^2 3 

=3^22 
bP2i 
P 20 


Flat Package 


PLCC 



fs> ^ 

«j »a 

< < H ,0 .n 

HHoOO*^ rg«N3f\j 
XKHZ>HaQuCu 
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TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6 
_TMP80C49AT,TMP80C39AT 


BLOCK DIAGRAM 



Note 1) The lower order 4 bit of port 2 output latch are used also for 
input/output operations with the I/O expander. 

Note 2) The output latch of port 0 is also used for address output. 
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TOSHIBA _ 

PIN NAMES AND PIN DESCRIPTION 


TMP 80 C49 AP / - 6, TMP 8 0 C 39 AP / - 6, TMP 8 0 C49 AF / - 6, 
_TMP80C49AT.TMP80C39AT 


VSS (Power Supply) 

Circuit GND potential 

VCC (Power Supply) 

+5V during operation 

PS (Input) 

The control signal for the power saving at the power down mode (Active 
Low) 

PROG (Output) 

Output strobe for the TMP82C43P I/O expander. 

P10 - P17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup = 50KO). 

P20 - P27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup = 50Kfi) . 

P20 - P23 contain the four high order program counter bits during an external 
program memory fetch and serve as a 4-bit I/O expander bus for the 
TMP8243P. 

DBO - DB7 (Input/Output, Tri-State) 

True bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memo ry 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data duriing an external ilAM data store inst¬ 
ruction, under control of ALE, RD, and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

T1 (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

W (Output) 

Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 
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TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80CA9AF/-6, 
_TMP80C49AT,TMP80C39AT 


RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during the power down mode. 

ALE (Oupput) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into a 
wait state after it has completed the instruction being executed. Also 
used during the power down mode. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High) 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter¬ 
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 
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TlCS -18 IfST or IHSTROCTIOtlS (1/4) 


11(5-48 list or INSTRWCTIOHS (2/4) 


t 

i 

Assembler 

Mnemonic 

Object Code 
(1st) 
(2nd) 

Function 

Flag 

C.AC 

IIIQ 

Bin. 

Hex. 



A . Rr 

OllOlrrr 

68*r 

(A)-(A)MRr) 

r*o~7 

I: 



E SiH 

A .fRr 

OilOOOOr 

60*r 

(A)-(A)*((Rr)l 

r-O.) 

tx 



Ei!9 

A .ti 

00000011 

03 

(A)*-(A)+i 


It 





iiiiiiii 

n 






ADOC 

A , Rr 

Ollilrrr 

T8+r 

(A)-(A)MRr)*(C) 

r=()~7 

tl 

1 


ADDC 

A .IRr 

OlllOOOr 

70*r 

(A)-(A)»[(Rr)l*(C) 

r«0.1 

11 

1 


ADDC 

A .ti 

00010011 

13 

(A)«-(A)m»(C) 


1 1 

2 

1 



iiiiiiii 

ii 





c 

AMI 

A , Rr 

OlOlIrrr 

58*r 

(A)HA) AiRrj 

r=iK7 


1 

c 

AML 

A .IRr 

OlOIOOOr 

50*r 

(A)4-(A) A((Rr)i 

r=0.1 


1 

« 

ANL 

A .li 

01010011 

53 

(A)«-(A) Ai 



2 

■ 



nnmn 

n 





« 

OKI 

A . Rr 

OlOOlrrr 

48*r 

(Aj«-(A) V(Rr) 



1 

1 

OKI 

A .IRr 

OlOOOOOr 

40»r 

(A)HA) v((Rr)l 



1 

1 

ORl 

A .ti 

01000011 

43 

(A)«-(Aj Vi 



2 

t 



iiiiiiii 

ii 





0 

XRl 

A , Rr 

llOlIrrr 

08»r 

(A)-(A) v(Rr) 

r*o~7 


1 

r 

XRl 

A .RRr 

llOIOOOr 

DO*r 

(A)«-(A) Vl(Rr)) 

r-0.1 


1 


XRl 

A .ti 

11010011 

03 

(Aj«-(A) Vi 



2 

1 



iiiiiiii 

ii 





n 

ilic 

A 

00010111 

17 

(A)«-(A)*1 


1 

s 

ore 

A 

oooooiil 

07 

(A)^(A)-1 


1 

t 

CIR 

A 

00100111 

27 

(A)H) 



1 

r 

CPI 

A 

00110111 

37 

(A)«-HOT(A) 



1 

q 

DA 

A 

01010111 

57 

(A)«-(A)BC0 

I 

1 

c 

SWAP 

A 

01000111 

47 

(A)<7:4> «(A)<3:0> 


1 

t 

Rl 

A 

11100111 

E7 

(A)<n*1> ♦-(A)<n> 



1 

f 





(A)<0> ♦-(A)<7> 

n=0~6 



0 

RIC 

A 

11110111 

(7 

(A)<n*1> ♦-(A)<n> 


I 

1 

n 





(C)*-(A)<7> 









(A)<0> *-(0 

tr«0'>'6 




RR 

A 

01110111 

77 

|A)<n> ♦-(A)<iHl> 

n*0~6 


1 






(A)<7> ‘-(A)<0> 





RRC 

A 

01100111 

67 

(A)<r»> «-(A)<m1> 


t 

1 






(C)^(A)<0> 









(A)<7> ^(C) 

n*0~6 




IR 

A . h 

OOOOIOdp 


(A)-(Pp) 

P=1.Z 


2 

I 

/ 








0 








■ 

■ 

Assembler 

Object Code 



■ 

n 




(1st) 

Function 

Flag 




Hncmonic 

(2nd) 



■ 

K 

■ 



Bin. 

IIWW 


C. AC 

■i 

1 


Pp. A 

ooinopp 

38*p 

(Pp)P=).2 . 


2 

1 

ANl 

Pp.ti 

looiiopp 

98*p 

(Pp) ♦-(Pp)A i M,2 


...... 

II 



iiiiiiii 

ii 




u 

liiini 

Pp. ti 

lOOOIOpp 

88»p 

(Pp) ♦-(Pp)V i P-1.2 


2 

p 



iiiiiiii 

ii 




u 

INS 

A . BUS 

00001000 

08 

(A)*-(BUS) . 


2 

1 


BUS, A 

00000010 

02 

(BUS)*-(AC) 


2 


ANl 

BUS, ti 

10011000 

98 

(BUS)-(BUS) Ai 


2 

■ 



iiiiiiii 

ii 




9 

ORl 

BUS. ti 

10001000 

88 

(BitS)4-(BUS) Vi 


2 

u 



iiiiiiii 

ii 




I 








HOVD 

A . Pp 

00001Ipp 

OC^p 

(A)<3;0> •-(Pp) p-4~7 

(A)<7;4> -0 


2 


HOVD 

Pp. A 

ooinipp 

3C»p 

(Pp) ♦-(A)<3;0> p=4~7 


2 


ANID 

Pp. A 

10011Ipp 

9C*p 

(Pp) ♦-(Pp)A(A)<3;0> p=4~7 


2 


ORID 

pp. A 

10001Ipp 

BC*L 

(Pp) -(Pp)V(A)<3;0> p-4~7 


2 


riNc 

Rr 

0001Irrr 

18t 

(Rr) •-(Rr)‘1 r=0~7 

mm 

1 

(1) 

INC 

BRr 

OOOIOOOr 

IOt 

KRD) -((RDM r=0.1 


1 


DEC 

Rr 

llOOIrrr 

C8*r 

(Rr) -(Rr)-1 r=0H 

H 

1 


JHP 

a 

aliooioo 

alH4 

(PC)<10;0> •-a 


2 




aHl 


(PC)<11> •-IOBF) 



B 

JHPP 

8A 

10110011 

B3 

(PC)<7:0>HRO((PC)<11:8>* (A)] 


2 

r 

DJNZ 

Rr, a 

IllOIrrr 

E8t 

(Rr) ♦-(Rr)-I r-(K7 


2 

a 



aHl 


if(Rr) ifc0thcn(PC)<7:0>«-aHl 



n 





else no operation 



c 

JC 

a 

11110110 

F6 

if (0-1 then(PC)<7:0>*-aHl 


2 

h 



aHl. 


else no operation 




JNC 

a 

11100110 

E6 

if(0-0 lhen(PO<7:0>*-aHl 


2 

I 



aHl 


else no operation 


2 

19 

JZ 

a 

11000110 

C6 

if(A)=0 then(PO<7;0>«-aHL 





aHl 


else no operation 



t 

JNZ 

a 

10010110 

96 

lf(A)=!feO then(PO<7;0> •-aHl 


2 




aHl 


else no operation 




JTO 

a 

00110110 

36 

if T0=1 then(PO<7.0>-aHl 


n 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6 
TOSHIBA_TMP80C49AT ,TMP80C39AT 
































































































































MCU48-65 


TICS-18 IIST Of lUSTWCTIOIfS (3/4) 


TlCS-48 IIST or IHSTROCTIONS (4/4) 


1 

Asseibler 

Mnemonic 

Object Code 
(1st) 
(2nd) 

function 


1 




Bin. 






JMTO 

a 

00100110 

2G 

if T0=0 thcn(PC)<7:0>»-aHL 

IHl 

2 

B 

r 

• 

n 

c 

h 

jtr 

JMti 

jfo 

a 

a ''7 

a. 

aHL 

0101011b 

aHL 

010001ib 
aHL 

1011011b 

aHL 

56 

....... 

B6 

else no opepation 

if T1-1 then(PC)<7:b>*-aHL 

else no opepation 

if Ti-0 then(PC)<7:b>^aHl" 

else no operation 

if ro=1 then(PC)<7;b>«^aHL 

else no operation 

. 

2 

2 

1 

JFl 

a 

01110110 

aHL 

76 

if ri»1 then(PC)<7;b>-»-aHL 
else no operation 


2 

n 

s 

jrr 

a 

00010110 

aHL 

16 

if TF-1 then(PC)<7:b>*-aHL 
else no operation 


2 

t 

r 

JMI 

a 

10000110 

aHL 

86 

if IHT -0 then(PC)<7;0>«-aHl 
else no operation 


2 

1 

c 








t 








1 

■Ji b ' 







0 

n 

a 

bbblbbib 

aHL 

Ih12 

If (A)<b>-1 tfieifi 

(PC)<7:0>«-aHL 
else no operation b-O—f 


2 


CAIL 

a_. 

aHIOlOO 

aHL 

3H»14 

((SP)] -(PSH)<7:4>* (PC) 

(SP) ♦-(SP)n 
(PC)<10:0> ♦-a 
(PC)<11> ^(OBf) 


...2 . 

(?) 

RET 

10000011 

83 

(SP) ♦-(SP)-I 
(PC) -((SP))<11:0> 


2 


RETR 

10010011 

93 

(SP) ♦-(SP)-I 
(PC) -[(SP)]<11:0> 

(PSH)<7:4> ♦-[(SP)1<15:12> 

It 

2 


CIR 

C 

10010111 


(0-0 


1 


CPI 

C 

10100111 


(C)-MOT(C) 


1 

(3) 

CIR 

CPI 

FO 

FO 

10000101 

10010101 

85 
.95 

(FO) -0 
(FO) -MOttfb) 


1 

1 


CIR 

FI 

10100101 

85 

(FI) -0 


1 


CPI 

FI 

10110101 

B5 

, (FI) -HOTjFI) 


1 


MOV 

A . Rr 

llllirrr 


jjjQnjSQilJIH 


1 


HOV 

A .IRr 

lliiooor 

FOt 

(A)-l(Rr)] r-0.1 


1 

(4) 

MOV 

A ,li 

00100011 
i i i i i i i i 

23 

ii 

(A) 4-1 


2 


HOV 

Rp. A n 

lOIOlrrr 

A8*r 

(Rpr^-CAj r^7 


1 


MOV 

IRr. A 

lOIOOOOr 

AIMp 

l(Rr)i-(A) r«b.1 


1 


(2) Subroutine Instractlon (3) •••— flao Instruction 

( 4 ) Move imtraction 


i 

Assembler 

Object Code 



■ 




(1st) 

Function 

Flag 


ain 

Hnemonic 

(2nd) 



■H 




Bin. 

msHi 


C.AC 

■i 


HOV 

Rr.li 

lOllIrrr 

B8‘r 

(Rr)—i r^O--? 


2 




iiiiiiii 

ii 




H 

HOV 

BRr.ll 

lOIIOOOr 


[(Rr)]—i r*0.1 


2 




iiiiiiii 

ii 





HOV 

A.PSW 

11000111 

C7 

(A) -iPSW) 


1 


HOV 

PSH.A 

11010111 

07 

(PSH) -(A) 


1 


XCH 

A.Rr 

OOlOlrrr 

28^ r 

(A) -(Rr) r*0-7 


1 

1 

XCH 

A.PRr 

OOlOOOOr 

20* r 

(A) -[(Rr)] r-0.1 


1 

n. 

XCHD 

A.RRr 

OOllOOOr 

30* r 

(A)<3;0>-|(Rr)<3:0>] r=0.1 


1 

s 

HOVX 

IRr.A 

lOOIOOOr 

90* r 

EXTKRr)] -(A) r-0,1 


1 

t 

HOVX 

A,8Rr 

lOOOOOOr 

latBl 

(A) -(Xl[(Rr)] r=0.1 


1 


HOVP 

A,8A 

10100011 

A3 

(A) -PR0[(Pf.)<11:8>- (A)] 


1 


H0VP3 

A.8A 

11100011 

t3 

(A) -PRO|(PC)ni>- Oil • (A)i 


1 

TC 

HOV 

A.l 

01000010 

42 

(A) -(TR) 

■n 

1 

id 

HOV 

T.A 

01100010 

62 

(TR)-(A) 

■ 

1 

MU 

STRT 

T 

01010101 

55 

Start Timer 


1 

en 

STRI 

CNT 

01000101 

45 

Stan counter 

H 

1 

rt 

STOP 

TCNT 

01100101 

65 

Stop Timer/Counter 

■ 


El 

EN 

TCNTl 

00100101 

25 

Enable Timer/Counter Interrupt 


4 

r 

DiS 

TCHTI 

00110101 

35 

Disable limer/Counter Interrupt 

■ 

1 

(5) 

.. 













C 



. 

.- . 



0 

EH 

I 

00000101 


Enable External Interrupt 


1 

n 

DIS 

I 

00010101 

15 

Disable External Interrupt 


1 

t 

StL 

RRO 

11000101 

C5 

(BS)- 0 


1 

a 

SEL 

RBI 

11010101 

05 

(BS)- 1 


1 

9 

SEl 

HBO 

11100101 

E5 

(OBF) - 0 


1 

n 

SEL 

HB1 

11110101 

F5 

(DBF) - 1 


1 


ENTO 

CLK 

01110101 

.75. 

Enable Clock Output on TO 


1. 


HALT 

00000001 

01 

Halt 


1 

(6) 

HOP 

00000000 

00 

no opration 


1 


(5).A/O Convener Instruction (6).Other 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6 
_TMP80C49AT,TMP80C39AT 

























































































































TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 


TOSHIBA 



TMP80C49AT,TMP80C39AT 

TMP 80 C49 AP / TMP 80 C 39 AP/TMP 80 C49 AF / TMP 80 C49 AT / TMP 80 C 39 AT 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

1 SYMBOL 1 ITEM 

[ 

RATING 


1 VCC 

|VCC Supply Voltage (with 

respect to GND (VSS))[ 

-0.5V 

to 

+7V 


i VINA 

1 Input Voltage (Except EA) 


-0.5V 

to 

VCC+0 

.5V 

1 VINB 

linput. Voltage (Only EA) 


I 

-0.5V 

to 

13V 


1 PD 

iPower Dissipation (Ta=70 

‘O 

I 


250mW 


1 TSOLDER 1 Soldering Temperature (Soldering Timer 10 

sec) I 


260'C 


1 TSTG 

1 Storage Temperature 


[ 

-65 *C 

to 

150‘C 


1 TOPR 




O'C tc 

70*C 


DC CHARACTERISTICS 

TOPR=0*C to 70‘C, VCC=+5V±10%, VSS=OV, unless 

otherwise noted 



1 SYMBOL 

1 PARAMETER 

I TEST CONDITIONS 

I MIN 

. [ TYP . 

I 

MAX. [ 

UNIT 

1 VIL 

i 

linput Low Voltage (Except 
IXTALl, XTAL2, RESET) 

I 

I 

[-0.5 

I 

■ 

H 

■ 

V 

1 VILl 

1 

linput Low Voltage 
i(XTALl, XTAL2, RESET) 

I 

I 

(-0.5 

I 

I - 
I 

[ 

1 

0.6 [ 

I 

V 

|VIH 

1 

linput High Voltage (Except 
IXTALl, XrAL2, RESET, PS) 

I 

[ 2.2 

I 

[ - 
1 

[ 

1 

VCC [ 

1 

V 

IVIHl 

1 

linput High Voltage 
i(XTALl, XTAL2, RESET, PS) 

[ 

I 

[0.7 [ - 

|x VCCi 

[ 

[ 

VCC [ 

1 

V 

1 VOL 

1 

1 Output Low Voltage 

1 (Except P10-P17, P20-P27) 

[I0L=1 .6mA 

1 

I 

[ 

[ 

[ 

0.451 

1 

V 

1 VOLl 

1 

1 Output Low Voltage 

1 (P10-P17 , P20-P27) 

[IOL=1.2mA 

[ 

1 

I 

I 

0.451 

[ 

V 

1VOHll 

1 

1 Output High Voltage 

1 (Except P10-P17, P20-P27) 

[I0H=-1 .6mA 

I 2.4 

1 

1 

1 

I 

1 

V 

IV0H12 

1 

lOutput High Voltage 
[(Except P10-P17, P20-P27) 

[IOH=-400uA 

I 

1 vcc- 
[ 0. 

8[ 

1 

1 

V 

IV0H21 

1 

[Output High Voltage 
|(P10-P17, P20-P27) 

[IOH=-50UA 

[ 

1 2.4 

I 

I 

1 

[ 

1 

V 

1V0H22 

1 

[Output High Voltage 
|(P10-P17, P20-P27) 

[IOH=-25yA 

[ 

[vcc- 
[ 0. 

8[ 

[ 

[ 

V 

|ILI 

i 

[Input Leak Current 
i(Tl, INT, EA, PS) 

[VSS<VIN<VCC 

m 

■ 

[ 

[ 

±10 [ 

[ 

UA 

lILIl 

1 

[Input Leak Current 
|(SS, RESET) 

jvSS<VIN<VCC 

B 

B 

1 

-50 [ 

[ 

yA 

IILI2 

1 

[Input Leak Current 

1 (P10-P17, P20-P27) 

[VSS+0.45V<VIN<VCC[ - 
1 ■ ■ [ 

[ 

I 

•500 [ 

[ 

yA 

IlLO 

1 

[Output Leak Current(BUS,TO) 
[(High impedance condition) 

[VSS+0.45V<VIN<VCC[ - 
1 " " [ 

1 

I 

1 

±10 [ 

[ 

yA 

licci 

[ [ Normal 

[VCC Supply [ operation 

[VCC=5V,fXTAL=6MHz[ - 
[VIH=VCC-0.2V [ 

[ 

1 

[ 

10 [ 

1 

mA 

lICCHl 

1 

1 Current | 

[VIL=0.2V 
[ 

[ 

[ 

1 

2.51 

[ 


IICC2 

1 

[ [ Normal 

[VCC Supply [ operation 

[VCC=5V, 
[fXTAL=llMHz 

[ 

[ 

[ 

[ 

15 [ 

[ 

mA 

IICCH2 

1 

1 Current | 

[VIH=VCC-0.2V 
[VIL*0.2V 

[ 

[ 

_1 

HI 
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TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
_TMP80C49AT,TMP80C39AT 


TMP80C49AP/TMP80C39AP/TMP80C49AF/TMP80C49AT/TMP80C39AT 


AC CHARACTRISTICS 

TOPR=Q*C to 70*C, VCC=-^5 V±1Q%, VSS=QV, unless otherwise noted. 


i.ViSi;WI 

1 PARAMETER 


[TEST 

mmam 

11 

MHz 

[UNIT 



1 


[CONDITION 



MAX. 

1 




1 Clock Period 


[Note 2 

[ l/xtal f 

90.9 

1000 

[ 

ns 


1 tLL 

1 ALE Pulse Width 


1 

[3.5t-170 

150 

- 

[ 

ns 


1 tAL 

lAddress Setup Time (ALE) 


1 

1 2t-110 

70 

- 

1 

ns 


1 tLA 

lAddress Hold Time (ALE) 


infiYttri'Mi 

1 t^^40 

50 

- 

[ 

ns 


1 tcci 

1 Control Pulse Width 

1 (RD, WR) 


1 

I 

[7.5t-200 

480 

* 

T 

1 

ns 


1 tCC2 

[Control Pulse Width 

1 (PSEN) 


[ 

I 

[ 6t-200 

350 

■ 


ns 


1 tDW 

[Data Setup Time 

1 (WR) 


[ 

[ 

[6.5t-200 

390 

■ 


ns 


1 tWD 

[Data Hold Time 

1 (WR) 


I a=20pF 

I 

[ t-50 




ns 


1 tDR 

[Data Hold Time 

1 (RD, PSEN) 


[ CL=20pF 

I 

[1 .5t-30 

0 

110 

1 

1 

ns 


1 tRDl 

[Data Input Read Time 

1 (RD) 


I 

I 

[5.5t-120 


375 

1 

[ 

ns 


1 tRD2 

[Data Input Read Time 

1 (PSEN) 


I 

I 

[ 4t-120 

1 

- 

240 

1 

1 

ns 


1 tAW 

[Address Setup Time 

1 (WR) 


[ 

I 

[ 5t-150 

300 


1 

1 

ns 


1 tADl 

[Address Setup Time 
[ (RD) 


I 

I 

1 lOt-170 

1 


730 

1 

1 

ns 


1 tAD2 

[Address Setup Time 
[ (PSEN) 


[ 

I 

1 7t-170 

1 




ns 


1 tAFCl 

[Address Float Time 
[ (RD, WR) 


[ CL=20pF 

I 

[ 2t-40 

1 


■ 


ns 


I tAFC2 

[Address Float Time 
[ (PSEN) 


I CL=20pF 
! 

[0.5t-40 

1 

10 


1 

[ 

ns 


ItLAFCl 

[ale to Control Time 

1 (RD, WR) 


I 

I 

1 3t-75 

1 

200 

- 

[ 

1 

ns 


|tLAFC2 

[ale to Control Time 
[ (PSEN) 


[ 

I 

[1.5t-75 

1 

60 

■ 

H 



1 tCAl 

[Control to ALE Time 

1 (RD, WR, PROG) 


I 

I 

[ t-65 

1 

25 

■ 

B 



1 tCA2 

[Control to ALE Time 
[ (PSEN) 


[ 

[ 4t-70 

1 

290 


1 

1 

ns 


1 tCP 

[Port Control Setup Time 

(PROG) 

I 

[1.5t-80 

50 

- 

[ 

ns 


1 tPC 

[Port Control Hold Time 

(PROG) 

[ 

[ 4t-260 

100 

- 

1 

ns 


1 tPR 

[Port 2 Input Data Setup 
[ (PROG) 

Time 

I 

I 

[8.5t-120 

[ 


650 

1 

1 

ns 


1 tPF 

[Port 2 Input Data Hold Time 

1 (PROG) 

I 

I 

nmn 



B 

ns 


1 tDP 

[Port 2 Output Data Setup 
1 (PROG) 

Time 

[ 

I 

1 6t-290 

1 

250 


1 

1 

ns 


1 tPD 

[Port 2 Output Data Hold 

1 (PROG) 

Time 

[ 

I 

[1.5t-90 

1 

40 

- 

1 

1 

ns 
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TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
_TMP80C49AT,TMP80C39AT 


TMP 80 C49 AP / IMP 80 C 39 AP / TMP 80 C49 AF / TMP 80 C49 AT/TMP 80 C 39 AT 


AC CHARACTRISTICS (CONTINUE) 

TOPR=0*C to 70 *C, VCC=-»-5Vtl0%, VSS=0V, unless otherwise noted. 



1 PARAMETER 


TEST 

1 f(t) 1 

11 

MHz 

lUNIT1 

mm 

1 


CONDITION 

1 1 

MIN. 

1 MAX. 


1 tpp 

IPROG Pulse Width 



|10.5t-250| 

700 

1 - 

1 ns 1 

1 tPL 



1 4t-200 1 

160 

1 

1 ns 1 

1 tLP 

|Port 2 I/O Data Hold Time 

(ALE) 


|0.5t-30 1 

15 

1 - 

I ns 1 

1 tPV 

|Port Output Delay Time 

(ALE) 


|4.5t+100 1 

- 

1 510 

1 ns 1 

1 tOPRR 

|T0 Clock Period 



1 3t 1 

270 

1 - 

1 ns 1 

1 tCY 

1 Cycle Time 



1 15t 1 

1.36 

115.0 

1 US 1 


Note : 1. Control Output CL=80pF. BUS Output CL=150pF. 

2. The f(t) assumes 50% duty cycle on XTALl and XTAL2. 

The Max. Clock frequency is llMHz. and the Min. Clock frequency is 
IMHz. 


MCU48-68 




























TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
_TMP80C49AT,TMP80C39AT 


TMP80C49AP-6/TMP80C39AP-6/TMP80C49AF-6 ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 



SYMBOL 

1 ITEM 

1 

RATING 


VCC 

|VCC Supply Voltage (with respect 

to GND (VSS))1 

-0.5V 

to +7V 


VINA 

linput Voltage (Except EA) 

1 

-0.5V 

to VCC+0.5V 


VINB 

1 Input-Voltage (Only EA) 

1 

-0.5V 

to 13V 


PD 

iPower Dissipation (Ta=85‘C) 

1 


250mW 


TSOLDER 

1 Soldering Temperature (Soldering 

Timer 10 sec)I 


260'C 


TSTG 

iStorage Temperature 

1 

-65 'C 

to 150'C 


TOPR 

[Operating Temperature 


-40 *C 

to 85*C 


DC CHARACTERISTICS (l) 

TOPR = -40‘C to 85•C, VCC=+5Vtl0%, VSS=0V, unless otherwise noted. 


1 SYMBOL 

1 PARAMETER 

[ TEST CONDITIONS [ 

MIN. 


TYP . 

[ MAX. 


UNIT [ 

IVIL 

[Input Low Voltage 
[ 

[ [ 

1 [ 

-0.5 



[ 0.8 


V [ 

1 VIH 

[Input High Voltage (Except 
[XTALl, XTAL2, RESET, PS) 

I [ 

1 [ 

2.2 



[ VCC 


V [ 

1 VIHl 

[input High Voltage 
[(XTALl, XTAL2, RESET, PS) 

1 [0.7 

1 [x VCC 


— 

[ VCC 


V 1 

1 VOL 

[Output Low Voltage 
[(Except P10-P17, P20-P27) 

|lOL=1.6mA [ 

1 [ 

— 



[ 0.45 


V 1 

1 VOLl 

[Output Low Voltage 
[(P10-P17, P20-P27) 

|IOL=1.2mA [ 

1 [ 

— 



[ 0.45 


V 1 

1VOHll 

[Output High Voltage 
[(Except P10-P17, P20-P27) 

|I0H=-1.6mA [ 

I 1 

2.4 



1 ~ 


V 1 

1 VOH12 

[Output High Voltage 
[(Except P10-P17, P20-P27) 

|IOH=-400yA [ 

1 [ 

VCC- 

0.8 



1 “ 


V 1 

1VOH21 

[Output High Voltage 
[ (P10-P17, P20-P27) 

|lOH=-50yA [ 

1 [ 

2.4 


— 

1 


V [ 

IVOH22 

[Output High Voltage 
[(P10-P17, P20-P27) 

|IOH=-25yA [ 

1 [ 

VCC- 

0.8 



1 


V 1 

IILI 

[Input Leak Current 
[(Tl, INT, EA, PS) 

|VSS<VIN<VCC [ 



— 

1 ±10 


yA 1 

IILII 

[Input Leak Current 
[(SS, RESET) 

ivSS<VIN<VCC 1 




[ -50 


yA 1 

IILI2 

[Input Leak Current 
[ (P10-P17, P20-P27) 

ivSS+0.45V<VIN^VCci 

— 



[-500 


yA 1 

llLO 

[Output Leak Current(BUS,TO) 
[(High impedance condition) 

|VSS+0.45V<VIN<VCC| 

— 


— 

[ ±10 


yA 1 

IICCI 

[ 1 Normal 

[VCC Supply 1 operation 

iVCC=5V,fXTAL=6MHz[ 

1VIH=VCC-0.2V j 

— 



[ 10 


mA [ 

liCCHl 

1 Current j 

iVIL=0.2V 1 

1 [ 




[ 2.5 
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TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/- 

TMP80C49AT,TMP80C39A 


TMP80C49AP-6/TMP80C39AP-6/TMP80C49AF-6 ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS (II) 

TOPR=-40‘C to 85*C, VCC=+5V±20%j VSS=OV, unless otherwise noted. 


I SYMBOL 


VIL 



PARAMETER 


Input Low Voltage 


Input High Vol tage (Except 
XTALl, XTAL2, RESET, PS) 


Input High Voltage 


TEST CONDITIONS 


MIN. 


-0.5 


10.5 X 
I VCC 


0.7 X 
VCC 


VOH22 


Output Low Voltage 
(Except P10-P17, P20-P27) 

1—1 
o 

II 

t—• 

i' 

> 

Output Low Voltage 

I0L=1.2mA 

(P10-P17, P20-P27) 


Output High Voltage 

IOH=-400uA 

(Except P10-P17, P20-P27) 



ICCHl 


Output High Voltage 
(P10-P17, P20-P27) _ 


Input Le ak Current 

(Tl, INT, EA, PS)_ 


Input Leak Current 
(SS, RESET) 


Input Leak Current 
(P10-P17, P20-P27) 


Output Leak Current(BUS,TO) 
(High impedance condition) 


I Normal 

VCC Supply I Operation 

Current I „»t -r j 


IOH=-25uA I 


VSS<VIN<VCC 


|VSS<VIN<VCC 


|VSS+0.45V<VIN<VCC| 

I “ " I 


I VSS+0.45V<VIN<VCC| 

I_° ° I 


VCC=5V,fXTAL=6MHz 

VIH=VCC-0.2V, 

VIH=0.2V 



1 - l-vcc 1 

UA 

1 1 0.1 1 


1 - l-vcc 1 

UA 

j o.oil 


- 1 ±10 1 

1 1 1 

UA 
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TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
_TMP80C49AT,TMP80C39AT 


TMP80C49AP-6/TMP80C39AP-6/TMP80C49AF-6 


AC CHARACTRISTICS 

TOPR=-40‘C to 85'C, VCC=+5Vt20%, VSS=QV, unless otherwise noted. 



1 PARAMETER 


ITEST 

I f(t) 

6 

MHz 

lUNIT 

1 

1 


1 


1 CONDITION 

I 

MIN. 

1 MAX. 

1 


1 

1 

null 

1 Clock Period 


iNote 2 

I 1/xtal f 

166.6 

1 1000 

1 

ns 

1 


tLL 

1 ALE Pulse Width 


1 

|3.5t-170 

410 

1 - 

1 

ns 

1 


tAL 

lAddress Setup Time (ALE) 


1 

1 2t-110 

220 

1 - 

1 

ns 

1 


tLA 

lAddress Hold Time (ALE) 



I t-40 

120 

1 - 

1 

ns 

1 


tCCl 

1 Control Pulse Width 


1 

|7.5t-200 

1050 

■■ 

1 

ns 

1 



1 (RD, WR) 


I 

I 



H 


1 


tCC2 

1 Control Pulse Width 


I 

I 6t-200 

800 

1 - 

1 

ns 

1 



1 (PSEN) 


I 

I 


1 

1 


1 


tDW 

iData Setup Time 


I 

|6.5t-200 

880 

1 

1 

ns 

1 



1 (WR) 


I 

I 


1 

1 


1 


tWD 

iData Hold Time 


I CL=20pF 



MM 

0 


1 



1 (WR) 


I 

!■■■ 



H 


1 


tDR 

iData Hold Time 


I a=20pF 

|1 .5t-30 

0 

1 220 

I 

ns 

1 



1 (RD, PSEN) 




1 

1 


1 


tRDl 

iData Input Read Time 


I 

|5 .5t-120 

- 

1 800 

1 

ns 

1 



1 (RD) 


I 



1 

1 


1 


tRD2 

iData Input Read Time 


I 

I 4t-120 

- 

1 550 

1 

ns 

1 



1 (PSEN) 


I 



1 

1 


1 


tAW 

lAddress Setup Time 


I 

I 5t-150 

680 

OBI 

H 





1 (WR) 


I 

I 



H 




tADl 

lAddress Setup Time 


I 

I lOt-170 

- 

11500 

1 

ns 




1 (RD) 


! 

1 


1 

1 




tAD2 

lAddress Setup Time 


! 

1 7t-170 

- 


n 





1 (PSEN) 


I 

1 


■i 

H 




tAFCl 

lAddress Float Time 


I CL=20pF 

I 

1 2t-40 

290 

1 

1 

ns 

1 



1 (RD, WR) 


1 


1 

1 


1 


tAFC2 

lAddress Float Time 


lCL=20pF 

I 

|0.5t-40 

40 

1 


ns 

1 



1 (PSEN) 


1 


1 

1 


1 


tLAFCl 

1 ALE to Control Time 


I 

1 3t-75 

420 

1 

1 

ns 

1 



1 (RD. WR) 


i 

1 


1 

1 


1 


tLAFC2 

IALE to Control Time 

1 (PSEN) 


I 

I 

|1.5t-75 

1 

175 

1 

1 

1 

ns 

1 

1 


tCAl 

1 Control to ALE Time 


I 

1 t-65 


1 

1 

ns 

1 



1 (RD, WR, PROG) 



1 


1 

1 


1 


tCA2 

1 Control to ALE Time 


I 

1 4t-70 

590 

1 

1 

ns 

1 



I (PSEN) 


I 

1 


1 

1 


1 


tCP 

|Port Control Setup Time 

(PROG) 

I 

ll .5t-80 

170 

1 - 

1 

ns 

1 


tPC 

|Port Control Hold Time 

(PROG) 

I 

1 4t-260 

400 

1 

u 

ESI 

0 


tPR 

|Port 2 Input Data Setup 

1 (PROG) 

Time 

I 

I 

|8.5t-120 

1 


11290 

1 

1 

1 

ns 

1 

1 


tPF 

|Port 2 Input Data Hold Time 

I 

|1.5t 

0 

UBI 

n 


n 



1 (PROG) 


I 

I 


Hi 

H 


H 


top 

|Port 2 Output Data Setup 
1 (PROG) 

Time 

I 

I 

1 6t-290 

1 

710 

1 - 
1 

1 

1 

ns 

1 

1 


tPD 

jport 2 Output Data Hold 

1 (PROG) 

Time 

I 

I 

|1.5t-90 

1 

160 

■ 

H 


1 

1 
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TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
_TMP80C49AT,TMP80C39AT 


TMP80C49AP-6/TMP80C39AP-6/TMP80C49AF-6 


AC CHARACTRISTICS (CONTINUE) 

T OPR=-40‘C to 85*C, VCC=+5V±20%, VSS=0V, unless otherwise noted. 



1 PARAMETER 


TEST 

1 f(t) 

1 6 

MHz 

lUNIT1 

nnmn 

1 


CONDITION 

1 

1 MIN. 

1 MAX. 

1 

1 tpp 

IPROG Pulse Width 



|10.5t-250 

11500 

1 - 

ns 1 

1 tPL 

|Port 2 I/O Data Setup Time(ALE) 


1 4t-200 

1 460 

1 - 

ns 1 

! tLP 

iPort 2 I/O Data Hold Time 

(ALE) 


|0.5t-30 

1 130 

1 - 

ns 1 

1 tPV 

|Port Output Delay Time 

(ALE) 


|4.5t+100 

1 

1 850 

1 ns 1 

1 tOPRR 

|T0 Clock Period 



1 3t 

1 500 

1 - 

1 ns 1 

1 tCY 

1 Cycle Time 



1 15t 

1 2.5 

115.0 

1 US 1 


Note : 1. Control Output CL=80pF. BUS Output 
2. The f(t) assumes 50% duty cycle on 
The Max. Clock frequency is 6MHz. 
IMHz. 


a=150pF. 

XTALl and XTAL2. 

and the Min. Clock frequency 


is 
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TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
_ TMP80C49AT,TMP80C39AT 


TIMING WAVEFORM 


A. Instruction Fetch from External Program Memory 



B. Read from External Data Memory 
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TOSHIBA 


TMP 80 C49 AP./-6, TMP 80 C39 AP / - 6, TMP 80 C49 AF / - 6, 
_TMP80C49AT,TMP80C39AT 


C. Write into External Data Memory 



D. Timing of Port 2 during Expander Instruction Execution 
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TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
TOSHIBA _ TMP80C49AT,TMP80C39AT 

POWER DOWN MODE (l) .Data Hold Mode in RAM 


The operation of osci llation circuit is suspended by setting PS terminal to 
low level after RESET terminal has been set to low level. Consequently, all 
the data in RAM area can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 2V. 

PS terminal is set to high level to resume oscillation after VCC has been 
reset to 5V, and then RESET terminal is set to high level, thus, the normal 
mode is restarted from the initialize operation (address 0). 


DC CHARACTERISTICS 

TMP80C49AP/39AP,TMP80C49AF,TMP80C49AT/35AT: TOPR=0‘C to 70* C, VSS=0V 
TMP80C49AP-6/39AP-6,TMP80C49AF-6_: TOPR=-40*C to 85‘C, VSS=OV 


1 SYMBOL 1 

PARAMETER 

1 TEST CONDITION 

1 MIN. 

1 TYP. 


MAX. 

1 

UNIT 

> 

Standby Voltage(l) 

1 

1 

1 1 
1 2.0 

1 - 

T 

1 

6.0 

1 

V 

1 1 

1 ISBl 1 

Standby Current(1) 

1VCC=5V,VIH=VCC-0.2V, 

1VIL=0.2V 

1 

1 

1 0.5 

1 

1 

10 

1 

1 

UA 


AC CHARACTERISTICS 

TMP80C49AP/39AP ,TMP80C49AF,TMP80C49AT/39AT :TOPR=0 * C to 70 * C, VCC=5V±10%, VSS=0V 
TMP80C49AP~6/39AP-6 ,TMP80C49AF-6 _; TOPR°-40*C to 85 *C,VCC=5Vt20%,VSS^^OV 


1 SYMBOL 

1 PARAMETER 

(TEST-CONDITION 1 

MIN. I 

TYP 

1 

MAX. [ 

UNIT [ 

1 tPSHR 

[Power Save Hold Time (RESET) 

1 r 

I, I 

[ 

10 [ 


H 

m 

m 

1 tPSSR 

[Power Save Setup Time (RESET) 

[ [ 

[ [ 

[ 

10 [ 


[ 

[ 

[ 

- [ 

[ 

mS [ 

1 tVH 

[VCC Hold Time (PS) 

[ [ 

I [ 

[ 

5 [ 


[ 

[ 

[ 

- [ 

[ 

ys 1 

1 tvs 

[ VCC Setup Time (PS) 

I I 

I [ 

m 

■ 

H 

■ 

m 


Note: tCY=2.5uS (fXTAL=6MHz) 


TIMING WAVEFORM 
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TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
TOSHIBA _ TMP80C49AT,TMP80C39AT 

POWER DOWN MODE (II) . ALL Data Hold Mode 


The operation of_oscillatLon circuit is suspended by setting PS terminal to 
low level after SS terminal has been set to low level. Consequently, all data 
can be held in low power consumption. 

The minimum hold* voltage of VCC in this mode is 3V. 

PS terminal is set to_high level to resume oscillation after VCC has been 
reset to 5V, and then SS terminal is set to high level, thus, the normal mode 
is restarted continuously from the state just before the power down mode (II). 


DC CHARACTERISTICS 

TMP80C49AP/39AP ,TMP80C49AF,TMP80C49AT/39AT: TOPR=0’C to 70'C, VSS=0V 
TMP80C49AP-6/39AP-6 ,TMP80C49AF-6_ : TOPR=-40‘C to 85’C, VSS=0V 


1 SYMBOL 1 

PARAMETER 

1 TEST CONDITION 

1 MIN.1 TYP. 

1 

MAX. 

1 

UNIT 1 

r 

VSB2 1 

Standby Voltage(2) 

1 

1 

1 1 

1 3.0 1 - 

T 

1 

6.0 

T 

V 1 

1 ISB2 ! 

Standby Current(2) 

1VCC=5V,VIH=VCC-0.2V, 

1VIL=0.2V 

1 1 

1 - 1 0.5 

1 

1 

10 

1 

1 

UA 1 


AC CHARACTERISTICS ■ 

TMP80C49AP/39AP,TMP80C49AF,TMP80C49AT/39AT:TOPR=0‘C to 70 ■C,VSS=5V±10%, VSS=0V 
TMP80C49AP-6/39AP-6 ,TMP80C49AF-6 _ : TOPR=-40‘C to 85 *C,VCC=5V±20%,VSS=0V 


1 SYMBOL 

1 PARAMETER 

ITEST 

CONDITION 1 

MIN. 

1 TYP 

1 MAX.i 

UNIT 1 

1 tPSHS 

|Power Save Hold Time (SS) 

1 

1 

' r 
1 

10 

1 

1 1 

US 1 

1 tPSSS 

|Power Save Setup Time (SS) 

1 

1 

1 

1 

10 

1 

1 1 

mS 1 

1 tVH 

IVCC Hold Time (PS) 

1 

1 

1 

1 

5 

1 

1 1 

ys 1 

1 tvs 

1 VCC Setup Time (PS) 

t 

! 

i 

1 

5 

1 

1 1 

ys i 


Note: tCY=2.5uS (fXrAL=6MHz) 


TIMING WAVEFORM 


Vcc 

SS 

PS 
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TOSHIBA 


TMP80CA9AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
_TMP80C49AT ,TMP80C39AT 


HALT MODE 

. 1 HALT INSTRUCTION 

OP code is "OlH". HALT INSTRUCTION is an additional instruction to the 
standard 8048/8049 instruction set. 

. 2 Entry to HALT MODE 

On the execution of HALT INSTRUCTION, TMP80C49A/TMP80C39A enter HALT 
MODE. 

. 3 Status in HALT MODE 

The oscillator continues its operation, however, the internal clocks and 
• internal logic values just prior to the execution of HALT INSTRUCTION are 
maintained. Power consumption in HALT MODE is less than 50% of normal 
operation. The status of each pins are described in the following table. 

. 4 Release from HALT MODE 

HALT MODE is released by either of two signals (RESET,INT). 


(1) RESET Release Mode : An active RESET input signal causes the normal reset 
function. TMP80C49A/TMP80C39A start the program at address "000 H". 

(2) INT Release Mode : An active INT input signal causes the normal oper¬ 
ation . 

In case of interrupt enable mode (El MODE), TMP80C49A/TMP80C39A execute 
the interrupt service routine, after the execution of one instruction 
which is located at the next address after HALT INSTRUCTION. 

In case of interrupt disable mode (DI MODE), TMP80C49A/TMP80C39A execute 
normal operation from the next address after HALT INSTRUCTION. 

. 5 Supply Voltage Range in HALT MODE 

The operating supply voltage range and the operating temperature range 
are same as in normal operation. 
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TOSHIBA 


TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
_TMP80C49AT,TMP80C39AT 


PIN STATUS IN POWER DOWN MODE (I) (II) 



PIN NAME 

1 

STATUS 


- 

DBO - DB7 

PIO - P17 

P20 - P27 

-I High impedance 

Input disabled 




TO 

1 High impedance, inp 

Jt disabled 



T1 

1 Input disabled 




XTALl 

1 High impedance 




XTAL2 

1 Output "High" Level 





1 Input disabled when 

oscillator is stopped. 



RESET, SS 

1 Pull-up transistors 

turn off. 



Int, EA 

1 Input disabled when 

oscilltor is stopped. 



WR, ALE 
PROG, PSEN 

1 

1 High impedance 

1 




PIN STATUS IN HALT MODE 


PIN NAME 


DBO - DB7 


PIO - P17 


P20 - P27 


TO 


STATUS 


Values prior to the execution of HALT 
INSTRUCTION are maintained. 


I Status prior to the execution of HALT 
I INSTRUCTION is maintained. 


Input disabled 


XTALl, XTAL2 I Continue oscillation 
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TOSHIBA 


TMP 80 C49 AP /-6,TMP 80 C39 AP /-6,TMP 80 C49 AF,/-6 
TMP80C49AT,TMP80C39AT 


OSCILATOR 

QUARTZ CRYSTAL 


f = IMHz 

to 

4MHz : 

; Cl = C2 = 

30pF 

f = 4MHz to llMHz : 

CERAMIC RESONATOR 

: Cl = C2 = 

20pF 

f = IMHz 

to 

3MHz : 

: Cl = C2 = 

lOOpF 

f = 3MHz 

to 

llMHz ; 

: Cl = C2 = 

30pF 


TYPICAL CHARACTARISTICS : Vcc = 5V, Ta = 
'^CC -^MAX. typical CURVE 


^CC 






25'C, unless Otherwise noted. 

, '^OUT - ^OL typical CURVE 




Preset 


Preset 


Preset 


TYPICAL CURVE 
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3.2MIN , , , 5.0MAX 


TMP 80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
TOSHIBA TMP80C49AT,TMP80C39AT 



Note: 1. This dimension is measured at the center of bending point of leads. 

2. Each lead pitch is 2.54mm, and all the leads are located within 
±0.25mm from their theoritical positions with respect to No.l and 
No.40 leads. 
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0,15±0.1 


TOSHIBA 


TMP 80C49AP /-6 ,TMP80 C39AP/-6 ,TMP 80 C49 AF/-6, 
TMP8QC49AT,TMP80C39AT 


OUTLINE DRAWING (FLAT PACKAGE) 
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2.75 MAX. __(16.9) 




















TMP80C49AP/-6,TMP80C39AP/-6,TMP80C49AF/-6, 
TOSHIBA _ TMP80C49AT,TMP80C39AT 

OUTLINE DRAWING (Plastic Leaded Chip Carrier) 

unit in mm 










TOSHIBA 


TMP 80 C5 0 AP /-6, TMP 80 C40 AP /-6, TMP 80 C50 AF /-6, 
_TMP80C50AT,TMP80C40AT 


8-BIT SINGLE-CHIP MICROCOMPUTER 

TMP80C50AP/TMP80C50AP-6 
TMP 80 C40 AP / TMP 80 C40 AP - 6 
TMP80C50AF/TMP80C50AF-6 
TMP80C50AT/TMP80C40AT 


GENERAL DESCRIPTION 


The TMP80C50A is a single chip microcomputer fabricated in Silicon Gate CMOS 
technology which provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been included 
in a single chip; an 8-bit CPU, 256 x 8 RAM data memory, 4K x 8 ROM program 
memory, 27 I/O lines and an 8-bit timer/event counter. 


The TMP80C50A is particularly efficient as a controller. It has extensive bit 
TOSHIBAg capability as well as facilities for both binary and BCD arithme¬ 
tic . 


The TMP80C40A/-6 is the equivalent of a TMP80C50A/-6 without ROM program 
memory on chip. By using this device with external EPROM or RAM, software 
debugging becomes easy. 


The TMP80C50AP/-6 and TMP80C40AP/-6 are in a standerd Dual Inline Package. 
The TMP80C50AF/-6 is in a 44-pin Flat Package. 

The TMP80C50AT and TMP80C40AT are packaged in the JEDEC standard type 44pin 
PLCC (Plastic Leaded Chip Carrier). 

FEATURES 


. TMP80C50AP/TMP80C40AP/TMP80C50AF/ 

TMP 8 0 C50 AT / TMP 80 C40 AT 
1.36us Instruction Cycle Time 
0*C to 70'C, 5V ± 10% 

. TMP80C50AP-6/TMP80C40AP-6/TMP80C50AF-6 
2.5 ys Instruction Cycle Time 
-40*C to 85*C, 5V ± 20% 

. Software Upward Compatible with 

TMP8049AP/TMP80C49AP-6/INTEL'S 8049. 

. HALT Instruction (Additional Instruction) 
. 4K X 8 masked ROM 
. 256 X 8 RAM 
. 27 I/O lines 

. Interval Timer/Event Counter 


. Low Power 

10mA MAX. in Normal Operation 
(VCC=5V, fXTAL=6MHz) 
lOyA Max. in Power Down Mode 
(VCC=5V, fXTAL : DC) 

. Single Power Supply 
. Power Down Mode (Stand-by Mode) 
. Halt Mode (Idle Mode) 
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NC 
P25 
P2 6 
P27 
T1 
VCC 
TO 
XTALl 
XTAL2 
Ks'ET 


TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6, 
TOSHIBA _ TMP80C50AT ,TMP80C40AT 

PIN CONNECTIONS (TOP VIEW) 





DBjd 


DBiCjl3 


DB2qi4 

15 

16 

17 

18 

19 

20 
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40 
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37 
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30 
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TO‘P VIEW 


Lrtpj n^in wr> cdoo-i 
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TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6, 
TOSHIBA _TMP80C50AT ,TMP80C40AT 


BLOCK DIAGRAM 


DBq“DB7 
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Note 1) The lower order 4 bit of port 2 output latch are used also for 
input/output operations with the I/O expander. 

Note 2) The output latch of port 0 is also used for address output. 
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TOSHIBA _ 

PIN NAMES AND PIN DESCRIPTION 


TMP 80 C5 0 AP / - 6, TMP 8 0 C40 AP / - 6, TMP 8 0 C5 0 AF / - 6 , 
_TMP80C50AT,TMP80C40AT 


VSS (Power Supply) 

Circuit GND potential 

VCC (Power Supply) 

+5V during operation 

PS (Input) 

The control signal for the power saving at the power down mode (Active 
Low) 

PROG (Output) 

Output strobe for the TMP82C43P I/O expander. 

PIO - P17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup = 5QYSI) . 

P20 - P27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup = 50KS1) . 

P20 - P23 contain the four high order program counter bits during an external 
program memory fetch and serve as a 4-bit I/O expander bus for the 
TMP8243P. 

DBO - DB7 (Input/Output, Tri-State) 

True bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memo ry 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store inst¬ 
ruction, under control of ALE, RD, and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

T1 (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 
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TOSHIBA 


TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6, 
_TMP80C50AT,TMP80C40AT 


RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during the power down mode. 

ALE (Oupput) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as -a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in coni unction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into a 
wait state after it has completed the instruction being executed. Also 
used during the power down mode. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High) 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter¬ 
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 
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nCS-18 irST OF IHSTFOCTIOW (I/O 


n- 

■ft 

Assembler 

Object Code 





'1® 



list) 

Function 


Flag 

cycle 

* 

i 

Hnewnic 

(2nd) 







Bin. 

MB 



C.AC 




A . Rr 

OllOlrrr 

68*r 

(A)-(A)MRr) 

r-0~7 

t I 



lE9I 

A .IRr 

OliOOOOr 

60*r 

(A)*-(A)*t(Rr)) 

r*0.1 

1 t 

n 



A .ti 

00000011 

03 

(A)MA)*i 


t t 

2 




iiiiiiii 

n 






ADOC 

A . Rr 

Olilirrr 

78*r 

(A)»-(A)*(Rr)*(C) 


tt 

1 


AODC 

A .IRr 

oinooor 

70*r 

(A)-(A)*t(Rr)l*(C) 

r=0,1 

t: 

1 


ADDC 

A .ti 

00010011 

13 

(A)^(A)*iMC) 


It 

2 

n 



iiiiiiii 

ii 





c 

ANl 

A . Rr 


58*r 

(A)^(Aj A(Rr) 

r=(K7 


■HI 

c 

ANL 

A .IRr 


50*r 

(A)HA) A[(Rr)J 

r-0.1 


mm 

« 

■ 

AAL 

A .ti 

01010011 

iiiiiiii 

53 

ii 

(A)-(A) Ai 


2 

« 

ORl 

A . Rr 

OlOOIrrr 

48* r 

(A)-(A) v(Rr) 

(*•0—7 


1 

1 

ORl 

A .IRr 

OlOOOOOr 

40* r 

(A)-(A) vURrJl 

r=o.l 


1 

1 

ORl 

A .ti 

01000011 

43 

(A)*-(A) Vi 



2 

1 



iiiiiiii 






« 

XRl 

A . Rr 

llOlIrrr 


(A)«-(A) v(Rr) 

r»o~7 


1 

r 

XRl 

A .fRr 

llOIOOOr 

luMl 

(A)*-(Aj v((Rr)j 

r-0.1 


1 


XRl 

A .ti 

11010011 

El 

(AI^-tA) Vi 



2 

1 



iiiiiiii 






n 

INC 

A 

00010111 

17 

(A)-(A)H 


■H 

s 

OIC 

A 

00000111 

07 

(A)HA)-1 


nin 

l 

CIR 

A 

00100111 

27 

(A)-0 


H'iH 

r 

CPI 

A 

00110111 

37 

(A)*-NOt(Aj 


1 

a 

EH 

A 

01010111 

57 

(A)«-(A)BC0 

t 

1 

c 

SNAP 

A 

01000111 

47 

(A)<7;4> «(A)<3;0> 


1 

t 

1 

Rl 

RIC “ 

A 

11100111 

E7 

(A)<n*1> «-(A)<n> 
(A)<0> «-(A)<7> 

r>=0~6 


1 

0 

A 

11110111 

F7 

(A)<n*1> ♦-(A)<n> 


I 

1 

n 





(C)-(A)<7> 

(A)<0> *-(0 

n»0~6 




RR 

A 

01110111 

77 

|A)<n> ♦-(A)<n*1> 
(A)<7> ♦-(A)<0> 

n*0'>'6 


1 


RRC 

A 

oiTooiii 

67 

(A)<n> ♦-(A)<n*1> 
(C)*-(A)<0> 

(A)<7> «-(C) 

n*0~6 

I 

1 

■ 

IN 


OOOOIOpp 

mi 

(A)«-(Pp) 

P=1.2 


2 

i 


HI 






i 

■m 







Tl(X-18 LIST OF IHSTRUCTIOHS (2/4) 



1 

Assciibler 

Object Code 



n 


j 



(1st) 

Function 

Flag 


,1 

1 

Hncnonic 

{2nd) 



in 

s 




Bin. 

IIQB 


C.AC 

Hi 

1 

OUTL. 

PP. A 

OOlllOpp 

3fl*p 

(Pp) -(A) P=1.2 


2 

1 

ANL 

PMi 

lOOIIOpp 

98* p 

(Pp) *-(Pp)A i P-1.2 






iiiiiiii 

ii 




tl 

liiiM 

Pp.tl 

lOOOIOpp 

88+p 

(Pp) •-{Pp)V i P-1.2 


2 

n 



iiiiiiii 

n 




u 

INS 

A , BUS 

00001000 

08 

(A)*-(BUS) 


2 

T 

/ 

0 

mja 

BUS, A 

00000010 

02 

(BUS)*-(AC) 

— 

2 

U 

ANL 

BUS. ti 

10011000 

98 

(BUS)*-(BUS) Ai 


2 

T 



liiiliii 

11 




P 

ORl 

BUS. iii 

loooiooo 

88 

(BUS)*-(80$) Vi 


2 

U 



iiiiiiii 

ii 




T 

HOVO 

A . Pp 

00001Ipp 

■ 

(A)<3:0> *-lPo) p-4-7 

(A)<7:4> *-0 


. 


HOVO 

Pp, A 

ooniipp 


(Pp) ♦-(A)<3-.0> p=4~7 


2 


ANLD 

Pp. A 

10011Ipp 


(Pp) ♦-(Pp)A{A)<3;0> p-4-7 


2 


GRID 

PP> A 

10001Ipp 


(Pp) ‘-(Pp)V(A)<3:0> P=4-7 


2 


■ns 

■iTa|||H| 

0001Irrr 

I8*r 

(Rr) «-(Rr)*1 r=0-7 

H 

1 

(1) 

In 9 


OOOiOOOr 

nifli 

((RD) -((Rr))*1 r=0.1 


1 


fijiW 

BSliHI 

llOOIrrr 

C8*r 

(Rr) ♦-(Rr)-I r-O-F 


1 


JHP 

a 

allOOlOO 

all *4 

|PC)<10-.0> *-a 


2 




aHl 


(PC)<11> *-(087) 



8 

JHPP 

RA 

10110011 

83 

(PC)<7:0>*-PRO[(PC)<11;8> • (A)) 


2 

r 

OJNZ 

Rr. a 

nioirrr 

E8*r 

(Rr) ♦-{Rr)-1 r-IK7 


2 

a 



aHl 


ir(Rr) ifc0thcn(PC)<7:0>*-aHl 



El 





else no operation 



il 

JC 

a 

11110110 

F6 

if (0-1 then(PC)<7:0>*-aHL 


2 

li 



aHl 


else no operation 



■ 

JNC 

a 

11100110 

E6 

if(0=0 then(PC)<7;0>*-aHL 


2 

II 



aHl 


else no operation 


2 

El 

JZ 

a 

11000110 

C6 

if(A)=0 then(PC)<7:0>*-aHl 


a 



aHl 


else no operation 



t 

JNZ 

a 

10010110 

96 

if(A)=)tO then(PO<7-.0> «-aHl 


2 




aHl 


else no operation 




JTO 

a 

00110110 

36 

if T0=1 then(PC)<7:0>*-aHl 


2 




aHl 


else no operation 




...... RrMliKtpr ln<rnirtinn 


TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6 
TOSHIBA _ TMP80C50AT,TMP80C40AT 
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TICS-IS IIST or IICSTWCTIOifS (3/4) 


TlCS-48 LIST or IHSTWICTIONS (4/4) 


(4) 


Htrve Instniction 


(3) ...... flag Instruction 


lb 

1^ 

s 

Bsscibler 

Mneatonlc 

Object Code 
(isi) 

_(2M)_ 

Function 

Flag 

C,AC 

:ycle 


Tl 

l 

i 

Assenbler 

Hneionlc 

Object Code 
(1st) 
(2nd) 

Function 

Flag 

C.AC 

:ycle 

Bin. 

Hex. 

Bin. 

Ilex. 


JMTO 

a 

00100110 

26 

if TO-O thcn(PC)<7:0>«-aHl 


2 



MOV 

Rr.li 

lOllIrrr 

B8‘r 

(Rr)*-i r=0-7 


2 




aHl 


else no operation 







IIIIIIII 

ii 




B 

JT1 

a 

01010110 

56 

If T1-1 then(PC)<7:0>*-aHl 


2 


H 

HOV 

frir.li 

ibnooor 

B0*r 

[(Rr))*-I r-0.1 


2 

r 



aHl 


else no operation 




0 



iiiiiili 

ii 




a 

JKti 

a 

01000110 

46 

If T1»0 then(PC)<7:6>-aHl 


2 


V 

HOV 

A.PSH 

11000111 

C7 

(A) *-(!>$«) 


1 

n 



aHl 


else no operation 




e 

HOV 

PSH.A 

11010111 

07 

(PSH) ^(A) 


1 

c 

jro 

a 

10110110 

B6 

if ro=1 then(PC)<7:0>*-aHl 


2 



XCH 

A.Rr 

OOlOIrrr 

2B^r 

(A) »-(Rr) r*0~7 


1 

h 



aHl 


else no operation 




I 

XCH 

A.BRr 

OOlOOOOr 

20»r 

(A) ^((Rr)) r=0.1 


1 


jri 

a 

OfllOIIO 

76 

if ri*1 then(PC)<7:()>«-aHL 


2 


n. 

XCIID 

A.RRr 

OOllOOOr 

30* r 

(A)<3;0>*-*((Rr)<3;0>) r=0.1 


1 

I 



aHl 


else no operation 




s 

HOVX 

IRr.A 

lOOIOOOr 

90* r 

EXT((Rr)] *-(A) r«0.1 


1 

n 

jtr 

a 

00010110 

16 

If TF«1 then(PC)<7:6>-aHL 


2 


t 

HOVX 

A.BRr 

lOOOOOOr 

80* r 

(A) *-[Xll(Rr)] r=0.1 


1 

s 



aHl 


else no operation 





HOVP 

A. BA 

10100011 

A3 

(A) «-PR0|(PC)<11:B>- (A)) 


1 

1 

JNI 

a 

10000110 

86 

If INT -0 then(re)<7:0>^aHl 


2 



H0VP3 

A. BA 

11100011 

E3 

(A) ^PR0|(PC)<11>* Oil • (A)) 


1 

r 



aHl 


else no operation 




TC 

MOV 

A. I 

01000010 

42 

(A) *-(1R) 


1 

1 









io 

HOV 

T.A 

01100010 

62 

(TR)^(A) 


1 

c 









RU 

STRT 

T 

01010101 

55 

Start liner 



X 


■■■■■ 




m 



en 

STRT 

CHT 

01000101 

45 

Start counter 

■ 

■■ 

1 

HHj 








rt 

Mini 

TCNT 

01100101 

65 

Stop Tiner/Counter 


H 

0 

JBb 


bbbiodio 

tHl2 

if (A)<b>-1 (fieri 

III 

2 


■a 

FH 

1CN1I 

00100101 

25 

Enable liner/Counter Interrupt 


1 

n 



aHl 


(PC)<7:0>-aHl 




r 

lOEi 

ICHfl 

00110101 

35 

Disable limer/Countcr Interrupt 

■ 

1 






else no operation b“0—7 

■ 












CAll 

a 


aH«14j 

1(SP)] «-(PSH)<7;4>. (PC) 


2 













mm 


(SP) ♦-(SP)*1 















mm 


(PC)<10:0> *-8 




(5) 













(PC)<11> *-{m) 












(?) 

KT 



83 

(SP) ^(SP)-1 


2 















(PC) -t(SP))<11:0> 













FtTR 


10010011 

93 

ISP) «-(SP)-1 

11 

2 















(PC) «-|(SP))<11:0> 

















(PSH)<7:4> -((SP))<15:12> 




C 









CIR 

c 

10010111 


(C)«-0 


1 


0 

EN 

1 

00000101 

05 

Enable External Interrupt 


1 


CPI 

c 

10100111 


(C)-HOT(C) 


1 


n 

DIS 

I 

00010101 

15 

Disable External Interrupt 


1 

Ill 

CIR 


10000101 

85 

(FO) -0 


1 


t 

Sfl 

RRO 

11000101 

C5 

(BS)*- 0 


1 


CPI 

FO 

10010101 

95 

(FO) ♦-HOT(FO) 


1 


B 

SEl 

RBI 

11010101 

05 

IBS)*- 1 


1 


CIR 

FI 

10100101 

A5 

(FI) «-0 


1 


9 

SEl 

H60 

11100101 

E5 

(DBF) ♦- 0 


1 


CPI 

n 

10110101 

85 

(Ft) «-liOT(Flj 


1 



SEl 

HB1 

11110101 

F5 

(OBf) ♦- 1 


1 


HOV 

R . Rr 

llllirrr 

f8*r 

(A)«-(Rr) r'OM 


1 


■ 

ENTO 

CIK 

01110101 

75 

Enable Clock Ojtput on TO 


1 


MOV 

A JRr 

iiiiooor 


(A)-t(Rr)i r-0.1 


1 


fl 








(4) 

HOV 

A ,li 

00100011 

23 

(A) 


2 


■ 










iiiiiiii 

ii 





B 

HAIT 

00000001 

01 

Halt 


1 


ISB 

GBB 


A8t 



1 



HOP 

00000000 


no opration 


1 



wmB 

lOIOOOOr 

AO«r 

!(Rr)K(A) r«0.1 


1 


MSK 

•— A/D Converter Instmctlon (6).Other 



TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6 
TOSHIBA_TMP80C50AT,TMP80C40AT 
















































































































TOSHIBA 


TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6, 
_TMP80C50AT,TMP80C40AT 


TMP 80 C50 AP/TMP 80 C40 AP / TMP 80 C50 AF/TMP 80 C50 AT / TMP 80 C40 AT 
ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 


1 

SYMBOL 

1 ITEM 

1 

RATING 


1 

VCC 

|VCC Supply Voltage (with respect 

to GND (VSS))1 

-0.5V to +7V 


n 


1 Input Voltage (Except EA) 


-0.5V to VCC+0.5V 



VINE 

1 Input Voltage (Only EA) 

1 

-0.5V to 13V 



PD 

iPower Dissipation (Ta=70‘C) 

i 

250mW 



TSOLDER 

1 Soldering Temperature (Soldering 

Timer 10 sec)| 

260 'C 



TSTG 

1 Storage Temperature 

1 

-65‘C to 150‘C 



TOPR 


1 

0*C to 70*C 



DC CHARACTERISTICS 

_TOPR=0*C to 70*C, VCC=+5V±10%, VSS=OV, unless otherwise noted. 


1 SYMBOL 

1 PARAMETER 

1 TEST CONDITIONS [ 

MIN . 

[ 

TYP . 

[ MAX. 

1 

UNIT 


1 VIL 

1 Input Low Voltage (Except 
IXTALl, XTAL2, RESET) 

[ [ 

-0.5 

[ 

[ 

— 

[ 0.8 

[ 

[ 

V 


1 VILl 

1 Input Low Voltage 
i(XTALl, XTAL2, RESET) 

[ [ 

-0.5 

[ 

[ 

• 

[ 0.6 

[ 

[ 

V 


1 VIH 

1 Input High Voltage (Except 
IXTALl, XTAL2, RESET, PS) 

[ [ 

[ [ 

2.2 

[ 

[ 

— 

[ VCC 

[ 

[ 

V 


IVIHl 

[input High Voltage 
[(XTALl, XTAL2, RESET, PS) 

[ [0.7 

[ [ VCC 

[ 

1 

— 

1 VCC 

[ 

[ 

V 


IVOL 

[Output Low Voltage 
[(Except P10-P17, P20-P27) 

[lOL=1.6mA [ 

[ ■ [ 


[ 

[ 


[ 0.45 

[ 

[ 

V 


IVOLl 

[Output Low Voltage 
[ (P10-P17 , P20-P27) 

[IOL=1.2mA [ 

1 1 

• 

[ 

[ 


[ 0.45 

[ 

[ 

V 


1VOHll 

[Output High Voltage 
[(Except P10-P17, P20-P27) 

[lOH=-1.6mA [ 

[ [ 

2.4 

[ 

[ 

— 

1 — 

[ 

[ 

V 


1V0H12 

[Output High Voltage 
[(Except P10-P17, P20-P27) 

[IOH=-400uA [ 

[ [ 

VCC- 

0.8 

[ 

[ 

• 

1 • 

[ 

[ 

V 


1 V0H21 

[Output High Voltage 
[ (P10-P17, P20-P27) 

[lOH=-50yA [ 

[ [ 

2.4 

[ 

[ 


1 “ 

[ 

[ 

V 


1V0H22 

[Output High Voltage 
[(P10-P17, P20-P27) 

[IOH=-25uA [ 

[ [ 

vcc- 

0.8 

[ 

[ 

— 

1 • 

[ 

[ 

V 


IILI 

[Input Leak Current 
[(Tl, INT, EA, PS) 

[VSS<VIN<VCC [ 

■ 

1 


[ ±10 

[ 

[ 

yA 


lILIl 

[Input Leak Current 
i(SS, RESET) 

ivSS<VIN<VCC 1 

■ 

1 


[ -50 

[ 

[ 

yA 


IILI2 

[input Leak Current 
[ (P10-P17, P20-P27) 

[VSS+0.45V<VIN<VCci 

— 

[ 

[ 

— 

[-500 

[ 

[ 

yA 


|ILO 

[Output Leak Current(BUS,TO) 
[(High impedance condition) 

1VSS+0.45V<VIN<VCC[ 

— 

[ 


[ ±10 

[ 

[ 

yA 


licci 

[ [ Normal 

[VCC Supply [ operation 

ivCC=5V,fXTAL*6MHzi 
[VIH=VCC-0.2V [ 


1 

[ 

* 

[ 10 

[ 

1 

mA 


1 ICCHl 

[ Current [ uatt m j 

1 1 HALT Mode 

iviL=0.2V 1 

1 [ 

— 

[ 

[ 

• 

[ 2.5 

[ 



ilCC2 

[ [ Normal 

[VCC Supply [ operation 

[VCC=5V, [ 

ifXTAL=llMHz [ 


1 

[ 


[ 15 

1 

[ 

mA 


1ICCH2 

[ Current | m j 

1 1 HALT Mode 

[VIH=VCC-G.2V 1 

[VIL=0.2V [ 


[ 

• 

[ 4.0[ 

[ 1 
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TOSHIBA 


TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6, 
_TMP80C50AT,TMP80C40AT 


TMP80C50AP/TMP80C40AP/TMP80C50AF/TMP80C50AT/TMP80C40AT 


AC CHARACTRISTICS 

T OPR=0*C to 70*C, VCC=+5V±10%, VSS=0V, unless otherwise noted. 



■Hi 

1 PARAMETER 

1 


(TEST 

( CONDITION 

( f(t) 

( 

11 

MIN. 

MHz 
( MAX. 

(UNIT 

( 


1 

■Hll 

1 Clock Period 


(Note 2 

( 1/xtal f 

90.9 

( 

1000 

( 

ns 



tLL 

1 ALE Pulse Width 


( 

(3.5t-170 

150 

( 

- 

( 

ns 



tAL 

lAddress Setup Time (ALE) 


1 

( 2t-110 

70 

( 

- 

( 

ns 



tLA 

1 Address Hold Time (ALE) 



( t-40 

50 

( 

- 

( 

ns 



tcci 

1 Control Pulse Width 

1 (RD, WR) 


1 

( 

(7.5t-200 

( 

480 

B 

■ 

H 




tCC2 

1 Control Pulse Width 

1 (PSEN) 


( 

( 

( 6t-200 

( 

350 

( 

( 


( 

( 

ns 



tDW 

iData Setup Time 

1 (WR) 


( 

( 

(6.5t-200 

( 

390 

1 

■ 

H 




two 

|Data Hold Time 

1 (WR) 


( CL=20pF 
( 

( t-50 

( 

40 

( 

( 

— 

( 

( 

ns 



tDR 

[Data Hold Time 

1 (RD, PSEN) 


( a=20pF 
( 

(1 .5t-30 
( 

0 

( 

( 

no 

( 

( 

ns 



tRDl 

|Data Input Read Time 

1 (RD) 


( 

( 

(5 .5t-120 

( 


( 

( 

375 

( 

( 

ns 



tRD2 

iData Input Read Time 

1 (PSEN) 


( 

( 

( 4t-120 

( 

— 

( 

( 

240 

( 

( 

ns 



tAW 

(Address Setup Time 

1 (WR) 


( 

( 

( 5t-150 

( 

300 

1 

■ 

H 




tADl 

(Address Setup Time 
[ (RD) 


( 

( 

( lOt-170 


( 

( 

730 

( 

( 

ns 



tAD2 

(Address Setup Time 
j (PSEN) 


( 

( 

( 7t-170 

( 

- 

( 

( 

460 

( 

( 

ns 



tAFCl 

(Address Float Time 
( (RD, WR) 


(CL=20pF 
( 

( 2t-40 

( 


1 

■ 

B 




tAFC2 

(Address Float Time 
( (PSEN) 


( a=20pF 
( 

(0.5t-40 

( 

10 

( 

( 


( 

( 

ns 



tLAFCl 

(ale to Control Time 
( (RD, WR) 


( 

( 

( 3t-75 

( 

200 

( 

( 


( 

( 

ns 



tLAFC2 

(ale to Control Time 
( (PSEN) 


( 

( 

(1 .5t-75 
( 

60 

( 

( 

• 

( 

( 

ns 



tCAl 

( Control to ALE Time 
( (RD, WR, PROG) 


( 

( 

( t-65 

( 

25 

( 

( 


( 

( 

ns 



tCA2 

(Control to ALE Time 
( (PSEN) 


( 

( 

( 4t-70 

( 

290 

( 

( 

— 

( 

( 

ns 



tCP 

(Port Control Setup Time 

(PROG) 

( 

(1.5t-80 

50 

( 

- 

( 

ns 



tPC 

(Port Control Hold Time 

(PROG) 

( 

( 4t-260 

100 

( 

- 

( 

ns 



tPR 

(Port 2 Input Data Setup 

I (PROG) 

Time 

( 

I 

(8.5t-120 

( 

— 

( 

( 

650 

( 

( 

ns 



tPF 

(Port 2 Input Data Hold Time 
( (PROG) 

( 

( 

(1.5t 

( 

0 

T 

( 

140 

T 

1 

ns 



tDP 

(Port 2 Output Data Setup 
( (PROG) 

Time 

( 

I 

( 6t-290 

( 

250 

( 

( 


( 

( 

ns 



tPD 

(Port 2 Output Data Hold 
( (PROG) 

Time 

( 

( 

(1.5t-90 

( 

40 

H 

■ 

H 
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TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6, 
TOSHIBA _ TMP80C50AT ,TMP80C40AT 

TMP80C50AP/TMP80C40AP/TMP80C50AF/TMP80C50AT/TMP80C40AT 


AC CHARACTRISTICS (CONTINUE) 

TOPR=0*C to 70 *0, VCC=-^5V±10%, VSS=0V. unless otherwise noted. 


1 SYMBOL 

1 PARAMETER 


TEST 

I f(t) 1 

11 

MHz 

lUNIT1 


1 


CONDITION 


MIN. 

mm 

Hi 

1 tPP 

IPROG Pu-lse Width 



|10.5t-250| 

700 

1 - 

1 ns 1 

1 tPL 

|Port 2 I/O Data Setup Time(ALE) 


1 4t-200 1 

160 

1 - 

1 ns 1 

1 tLP 

iPort 2 I/O Data Hold Time 

(ALE) 


|0.5t-30 1 

15 

1 - 

1 ns 1 

1 tPV 


(ALE) 


|4.5t+100 1 

- 

1 510 

1 ns 1 

1 tOPRRiTO Clock Period 



1 3t 1 

270 

1 - 

1 ns i 

1 tCY 

1 Cycle Time 



1 15t 1 

1 .36 

115.0 

1 us 1 


Note : 1 . 

2 . 


Control Output CL=80pF. BUS Output CL=150pF. 

The f(t) assumes 50% duty cycle on XTALl and XTAL2. 
The Max. Clock, frequency is llMHz. and the Min. Clock 
IMHz. 


frequency 


is 
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TOSHIBA 


TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6, 
_TMP80C50AT,TMP80C40AT 


TMP80C50AP-6/TMP80C40AP-6/TMP80C50AF-6 ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 



SYMBOL 

1 ITEM 


RATING 



VCC 

|VCC Supply Voltage (with respect 

to GND (VSS))i 

-0.5V 

to +7V 



VINA 

[input Voltage (Except EA) 


-0.5V 

to VCC+0.5V 



VINB 

[input Voltage (Only EA) 


-0.5 V 

to 13V 



PD 

[Power Dissipation (Ta=85*C) 



250mW 



TSOLDER 

[Soldering Temperature (Soldering 

Timer 10 sec)[ 


260'C 



TSTG 

[Storage Temperature 


-65 ‘C 

to 150'C 



TOPR 

[Operating Temperature 


-40'C 

to 85’C 



DC CHARACTERISTICS (I) 

_TOPR = -40'C to 85'C, VCC=+5V±10%, VSS=OV, unless otherwise noted. 


SYMBOL 

1 PARAMETER 

[ TEST CONDITIONS [ 

MIN . 

[ 

TYP . [ 

MAX. 

1 

UNIT 

yiL 

[Input Low Voltage 

1 

[ [ 

1 [ 

-0.5 

1 

m 


T 

1 

V 

VIH 

[input High Voltage (Except 
[XTALl, XTAL2, RESET, PS) 

1 [ 

I [ 

2.2 

[ 

1 

[ 

VCC 

[ 

1 

V 

VIHl 

[input High Voltage 
[(XTALl, XTAL2, RESET, PS) 

1 [0.7 [ 

[ [x VCC[ 

[ 

VCC 

[ 

[ 

V 

VOL 

[Output Low Voltage 
[(Except P10-P17, P20-P27) 

(IOL=l .6mA [ 

1 1 

— 

1 

1 

[ 

0.45 

1 

[ 

V 

VOLl 

[Output Low Voltage 
[(P10-P17, P20-P27) 

[lOL=1.2mA f 

1 1 


[ 

[ 

[ 

0.45 

1 

[ 

V 

VOHll 

[Output High Voltage 
[(Except P10-P17, P20-P27) 

|lOH=-i.6mA [ 

1 [ 

2.4 

1 

[ 

[ 

* 

[ 

[ 

V 

VOH12 

[Output High Voltage 
[(Except P10-P17, P20-P27) 

[IOH=-400uA [ 

1 [ 

VCC- 

0.8 

[ 

I 

— 

[ 

1 

V 

VOH21 

[Output High Voltage 
[ (P10-P17, P20-P27) 

|lOH=-50uA [ 

[ [ 

2.4 

[ 

[ 

[ 


[ 

1 

V 

VOH22 

[Output High Voltage 
[(P10-P17, P20-P27) 

(lOH=-25uA [ 

1 1 

VCC- 

0.8 

1 

1 

[ 

— 

[ 

1 

V 

ILI 

[Input Leak Current 
[(Tl, INT, EA, PS) 

|VSS<VIN<VCC [ 

■ 

1 

1 

±10 

[ 

1 

UA 

ILIl 

[input Leak Current 
[(SS, RESET) 

ivSS<VIN<VCC 1 

■ 

1 

1 

-50 

[ 

1 

UA 

ILI2 

[Input Leak Current 
[(P10-P17, P20-P27) 

ivSS+0.45V^VIN^VCC[ 


1 

1 

[ 

-500 

1 

[ 

WA 

ILO 

[Output Leak Current(BUS,TO) 
[(High impedance condition) 

[ VSS+0.45V<VIN<VCC[ 


[ 

1 

±10 

[ 

1 

VIA 

ICCl 

[ [ Normal 

[VCC Supply [ operation 

ivCC=5V,fXTAL=6MHz[ 

[ VIH=VCC-0.2V [ 


[ 

[ 

[ 

10 

[ 

1 

mA 

ICCHl 

1 1 HALT Mode 

iviL=0.2V [ 

1 [ 


1 

1 

2.5 

[ 

1 
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TOSHIBA 


TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6, 
_TMP80C50AT,TMP80C40AT 


TMP80C50AP-6/TMP80C40AP-6/TMP80C50AF-6 ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS (II) 


noted. 


SYMBOL I PARAMETER 


Input Low Voltage 


VIH [Input High Vol tage (Except 
IXTALl. XTAL2, RESET, PS) 


VIHl [Input High Volt age _ 

[(XTALl, XTAL2, RESET, PS) 


VOL [Output Low Voltage 

[(Except P10-P17, P20-P27) 


VOLl [Output Low Voltage 
[(P10-P17, P20-P27) 



IOL=l .6 tdA 


IOL=l .2idA 


[VOH12 

[Output High Voltage 

[lOH=-400uA 

[VCC- 1 - 

[ 

[(Except P10-P17, P20-P27) 

[ 

1 0.8[ 

[V0H22 

[Output High Voltage 

[I0H=-25UA 

[VCC- [ - 

[ 

[(P10-P17, P20-P27) 

1 

[ 0.81 



VSS<VIN<VCC 


ICCHl 


[Input Leak Current |VSS<VIN<VCC 

[(Tl, INT, EA, PS) [ " " 


[Input Leak Current 

i(SS, RESET)_ 


[Input Leak Current [VSS+0.45V<VIN<VCC 

[ (P10-P17, P20-P27) [ 


[Output Leak Current(BUS,TO)[VSS+0.45V<VIN<VCC 
[(High impedance condition) [ 


I [ Normal 

[VCC Supply [ Operation 

[ Current [ 
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TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6, 
TOSHIBA _ TMP80C50AT,TMP80C40AT 

TMP80C50AP-6/TMP80C40AP-6/TMP80C50AF-6 


AC CHARACTRISTICS 

TOPR=-40‘C to 85*C) VCC=+5V±2Q%, VSS=QV, unless otherwise noted. 



1 PARAMETER 

1 


[TEST 

1 CONDITION 

[ f(t) 

[ 

6 

MIN. 


[UNIT 

[ 

1 

[ 


1 Clock Period 


[Note 2 

[ 1/xtal f 

166.6 

1000 


ns 

[ 

1 tLL 

1 ALE Pulse Width 


1 

[3 .5t-170 

410 

- 


ns 

[ 

1 tAL 

lAddress Setup Time (ALE) 


[ 

1 2t-110 

220 

- 


ns 

[ 

1 tLA 

lAddress Hold Time (ALE) 


ilnOTiHM 

[ t-40 

120 

- 


ns 

[ 

1 tcci 

1 Control Pulse Width 

1 (RD, WR) 


[ 

1 

[7.5t-200 

[ 

1050 



ns 

[ 

[ 

1 tCC2 

1 Control Pulse Width 

1 (PSEN) 


[ 

1 

[ 6t-200 

[ 


■ 

H 


1 

[ 

1 tow 

iData Setup Time 

1 (WR) 


[ 

1 

[6.5t-200 

[ 

880 


[ 

1 

ns 

[ 

[ 

1 tWD 

|Data Hold Time 

1 (WR) 


[ a=20pF 

1 

mm 


Hi 

B 

ns 

[ 

[ 

1 tDR 

iData Hold Time 

1 (RD, PSEN) 


[a=20pF 

1 

[1 .5t-30 

0 

220 

1 

1 

ns 

1 

1 

1 tRDL 

iData Input Read Time 

1 (RD) 


1 

1 

[5 .5t-120 

— 

800 

[ 

1 

ns 

[ 

[ 

1 tRD2 

|Data Input Read Time 

1 (PSEN) 


1 

1 

1 4t-120 


550 

[ 

1 

ns 

[ 

1 

1 tAW 

lAddress Setup Time 
i (WR) 


1 

1 

[ 5t-150 

[ 

680 

Hi 

H 


[ 

[ 

1 tADl 

[Address Setup Time 

1 (RD) 


1 

1 

[ lOt-170 

1 

— 

[1500 

[ 

1 

ns 

1 

1 

1 tAD2 

lAddress Setup Time 

1 (PSEN) 


1 

1 

[ 7t-170 

1 



B 



1 tAFCl 

[Address Float Time 

1 (RD, WR) 


[ CL=20pF 

1 

[ 2t-40 

1 

290 

1 

[ 

1 

ns 

1 

1 

1 tAFC2 

[Address Float Time 
[ (PSEN) 


1 a=20pF 

1 

[0.5t-40 

1 

40 

1 

1 

[ 

ns 

[ 

1 

1tLAFCl 

[ale to Control Time 
[ (RD, WR) 


1 

1 

[ 3t-75 

[ 

420 

1 

1 

1 

ns 

[ 

1 

|tLAFC2 

[ale to Control Time 
[ (PSEN) 


1 

1 

[1 .5t-75 
[ 

175 

1 “ 

1 

1 

ns 

[ 

1 

1 tCAl 

[Control to ALE Time 

1 (RD, WR, PROG) 


1 

1 

[ t-65 

[ 

100 

1 “ 

[ 

[ 

ns 

1 

1 

1 tCA2 

[ Control to ALE Time 

1 (PSEN) 


1 

1 

[ 4t-70 

1 

590 

I "* 

[ 

1 

ns 

1 

1 

1 tCP 

[Port Control Setup Time 

(PROG) 

[ 

[1.5t-80 

170 

[ 

[ 

ns 

1 

1 tPC 

[Port Control Hold Time 

(PROG) 

[ 

[ 4t-260 

400 

1 - 

1 

ns 

1 

1 tPR 

[Port 2 Input Data Setup 

I (PROG) 

Time 

1 

1 

[8.5t-120 

1 


[1290 

[ 

1 

ns 

H 

1 tPF 

[Port 2 Input Data Hold Time 

1 (PROG) 

[ 

1 

H9H 


B 

fl 


H 

1 top 

[Port 2 Output Data Setup 
1 (PROG) 

Time 

1 

1 

1 6t-290 

1 

710 

1 - 
1 

1 

1 

ns 

1 

1 

I tPD 

[Port 2 Output Data Hold 
[ (PROG) 

Time 

1 

1 

|l.5t-90 

1 

160 

1 

B 

B 


1 

1 
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TOSHIBA 


TMP 80C50 AP /-6 ,TMP 80C40 AP /-6 ,TMP80 C50AF/-6, 
_TMP80C50AT.TMP80C40AT 


TMP 80 C50 AP - 6/TMP 80 C40 AP - 6/TMP 80 C50 AF-6 


AC CHARACTRISTICS (CONTINUE) 

TOPR=-40*C to 85'C, VCC=-*-5V±20%, VSS^OV, unless otherwise noted. 


1 SYMBOL 

PARAMETER 

ITEST 

i f(t) 

1 6 MHz 

lUNITl 



1 CONDITION 

1 

1 MIN.1 MAX. 

1 1 

1 tPP 

PROG Pulse Width 

1 

|10.5t-250 

11500 1 - 

1 ns 1 

1 tPL 

Port 2 I/O Data Setup Time(ALE) 1 

1 4t-200 

1 460 1 - 

1 ns 1 

1 tLP 

Port 2 I/O Data Hold Time 

(AUE) I 

WB3mm 


i ns 1 

1 tPV 

Port Output Delay Time 

(ALE)1 

|4.5t + 100 

1 - 1 850 

1 ns 1 

1 tOPRRiTO Clock Period 

1 

1 3t 

1 500 1 - 

1 ns 1 

1 tCY 

Cycle Time 

1 

1 15t 

1 2.5 115.0 

1 US 1 


Note : 1. Control 
2. The f(t) 
The Max. 
IMHz. 


Output CL=80pF. BUS Output CL=150pF. 
assumes 50% duty cycle on XTALl and XTAL2. 

Clock frequency is 6MHz. and the Min. Clock frequency 


is 
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TOSHIBA _ 

TIMING WAVEFORM 


TMP 80 C5 0 AP / - 6 , TMP 8 0 C40 AP / - 6 , TMP 8 0 C5 0 AF / - 6 , 
_ TMP8QC50AT,TMP80C40AT 


A. Instruction Fetch from External Program Memory 


-if 

» « 

*CY 

‘laFC2 

*-*CA2 ' 



_J \ 


H 

--’aFC2 

r“‘~i 



s 

J- 

|^*DR 

|» ^RD2 —^ 


77 ^ 

' ADDR 
-ESS 





_ Vd2 -— 



B. Read from External Data Memory 



MCU48-97 


TOSHIBA 


TMP80C50AP /-6 ,TMP80C40AP /-6 ,TMP80C50AF/-6 , 
_TMP80C50AT ,TMP80C40AT 



D. Timing of Port 2 during Expander Instruction Execution 
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TMP80 C50AP/-6 ,TMP 80 C40AP/-6 ,TMP 80C50AF/-6, 
TOSHIBA _ TMP80C5QAT.TMP80C40AT 

POWER DOWN MODE (l) .Data Hold Mode in RAM 


The operation of osci llation circuit is suspended by setting PS terminal to 
low level after RESET terminal has been set to low level. Consequently, all 
the data in RAM area can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 2V. 

PS terminal is set to high level to resume oscillation after VCC has been 
reset to 5V, and then RESET terminal is set to high level, thus, the normal 
mode is restarted from the initialize operation (address 0). 


DC CHARACTERISTICS 

TMP80C50AP/40AP ,TMP80C50AF,TMP80C50AT/40AT: TOPR=0'C to 70*C, VSS=0V 
TMP80C50AP-6/40AP-6,TMP80C50AF-6_: TOPR=-40‘C to 85‘C, VSS=0V 


1 SYMBOLi 

PARAMETER 

1 TEST CONDITION 

1 MIN.1 

TYP. 

1 

MAX. 

1 

UNIT 

1 1 

1 VSBl 1 

Standby Voltage(l) 

1 

1 

1 I 

1 2.0 1 

— 

T 

1 

6.0 

T 

1 

V 

1 1 

1 ISBl 1 

Standby Current(1) 

|VCC=5V,VIH=VCC-0.2V, 

1VIL=0.2V 

1 1 

1 - 1 

0.5 

T 

1 

10 

T 

1 

UA 


AC CHARACTERISTICS 

TMP80C50AP/40AP,TMP80C50AF,TMP80C50AT/40AT;TOPR=0*C to 70 •C,VCC=5V±10%,VSS=0V 
TMP80C50AP~6/40AP-6,TMP80C5QAF-6 _ ; TOPR=-40*C to 85 *C,VCC=5V±20%,VSS=0 V 


1 SYMBOL 

PARAMETER 

ITEST 

CONDITION 1 

MIN. 

TYP. 1 

MAX. 1 

UNIT 1 

1tPSHR 

Power Save Hold Time (RESET) 

! 

1 

r 

1 

10 

1 

■1 

■ 

1tPSSR 

Power Save Setup Time (RESET) 

1 

1 

1 

1 

10 

1 

1 

- 1 

1 

mS 1 

1 tVH 

VCC Hold Time (PS) 

1 

1 

1 

1 

5 

■H 

■ 

■ 

Itvs 

VCC Setup Time (PS) 

1 

i 

1 

1 

5 

1 

- 1 

1 

- 1 

1 

us 1 


Note: tCY=2.5uS (fXTAL=6MHz) 


TIMING WAVEFORM 
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TMP80C50AP/-6,TMP80C40AP/-6,TMP80C50AF/-6, 
TOSHIBA _ TMP80C50AT ,TMP80C40AT 

POWER DOWN MODE (II) . ALL Data Hold Mode 


The operation of oscillation circuit is suspended by setting PS terminal to 
low level after SS terminal has been set to low level. Consequently, all data 
can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 3V. 

PS terminal is set to high level to resume oscillation after VCC has been 
reset to 5V, and then SS terminal is set to high level, thus, the normal mode 
is restarted continuously from the state just before the power down mode (II). 


DC CHARACTERISTICS 

TMP80C50AP/40AP ,TMP80C50AF,TMP80C50AT/40AT: TOPR=0‘C to 70'C, VSS=0V 
TMP80C50AP-6/40AP-6 ,TMP80C5QAF-6_: TOPR=-40’C to 85 ^C, VSS=0V 


1 symbol i 

PARAMETER 

1 TEST CONDITION 

1 

MIN.1 TYP. 

T 

MAX. 

T 

UNIT 1 

1 1 

1 VSB2 1 

Standby Voltage(2) 

1 

1 

T 

1 

1 

3.0 1 - 

1 

1 

6.0 

1 

1 

V 1 

1 ISB2 1 

Standby Current(2) 

iVCC=5V,VIH=VCC-0.2V, 

1 VIL=0.2V 

1 

1 

1 

- I 0.5 

1 

1 

10 

1 

1 

UA I 


AC CHARACTERISTICS 

TMP80C50AP/40AP,TMP80C50AF,TMP80C50AT/40AT:TOPR=0*C to 70 *C,VSS=5V±10%,VSS=0V 


TMP80C50AP-6/40AP-6 ,TMP80C50AF-6 

: TOPR=-40'C 

to 

85‘C 

,VCC=5V±20%,VSS=0V 

1 SYMBOL 

1 PARAMETER 

[TEST CONDITION 

[ 

MIN. [ 

TYP. 1 

MAX.[ UNIT[ 

ItPSHS 

[Power Save Hold Time (SS) 

[ 

1 

r 

[ 

r 

10 1 

n 

BlHi 

1 tPSSS 

[Power Save Setup Time (SS) 

[ 

1 

1 

[ 

[ 

10 [ 

[ 

- [ 

1 1 
- [ mS [ 

! tVH 

[VCC Hold Time (PS) 

t 

[ 

[ 

[ 


m 

mm 

Itvs 

[VCC Setup Time (PS) 

[ 

1 

[ 

1 


■H 

mm 


Note: tCY=2.5uS (fXTAL=6MHz) 


TIMING WAVEFORM 


^CC 

SS 






-Tf- 


/ 


^VH 




L 




-vs 




r 


*PSHS 


tpsss 
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TOSHIBA 


TMP 80 C50 AP /-6 ,TMP80 C40 AP /-6,TMP 80 C50 AF/-6, 
_TMP80C50AT,TMP80C40AT 


HALT MODE 

. 1 HALT INSTRUCTION 

OP code is "OlH". HALT INSTRUCTION is an additional instruction to the 
standard 8048/8049 instruction set. 

. 2 Entry to HALT MODE 

On the execution of HALT INSTRUCTION, TMP80C50A/TMP80C40A enter HALT 
MODE. 

. 3 Status in HALT MODE 

The oscillator continues its operation, however, the internal clocks and 
internal logic values just prior to the execution of HALT INSTRUCTION are 
maintained. Power consumption in HALT MODE is less than 50% of normal 
operation. The status of each pins are described in the following table. 

. 4 Release from HALT MODE 

HALT MODE is released by either of two signals (RESET,INT). 


(1) RESET Release Mode : An active RESET input signal causes the normal reset 
function. TMP80C50A/TMP80C40A start the program at address "000 H". 

(2) INT Release Mode : An active INT input signal causes the normal oper¬ 
ation . 

In case of interrupt enable mode (El MODE), TMP80C50A/TMP80C40A execute 
the interrupt service routine, after the execution of one instruction 
which is located at the next address after HALT INSTRUCTION. 

In case of interrupt disable mode (DI MODE), TMP80C50A/TMP80C40A execute 
normal operation from the next address after HALT INSTRUCTION. 

. 5 Supply Voltage Range in HALT MODE 

The operating supply voltage range and the operating temperature range 
are same as in normal operation. 
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PIN STATUS IN POWER DOWN MODE (I) (II) 

1 

PIN NAME 

1 STATUS 


1 

DBO - DB7 



1 

PIO - P17 



P20 - P27 



TO 

1 High impedance, input disabled 



T1 

1 Input disabled 


1 

XTALl 

1 High impedance 


1 

XTAL2 

1 Output "High" Level 


1 


1 Input disabled when oscillator is stopped. 


1 

RESET, SS 

1 Pull-up transistors turn off. 


I 

INT, EA 

1 . . . 

Input disabled when oscilltor is stopped. 


1 

1 ^, WR, ALE 

1 

1 High impedance 



PROG, PSEN 


PIN STATUS IN HALT MODE 


PIN NAME 


DBO - DB7 


PIO - P17 


P20 - P27 


TO 


T1 


XTALl, XTAL2 



STATUS 


Values prior to the execution of HALT 
I INSTRUCTION are maintained. 


I Status prior to the execution of HALT 
I INSTRUCTION is, maintained. 


I Input disabled 


I Continue oscillation _ 


Input enabled 


SS, EA 
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OSCILATOR 

QUARTZ CRYSTAL 

f = iMHz to 4MHz : Cl = C2 = 30pF 

f = 4MHz to llMHz : Cl = C2 = 20pF 

CERAMIC RESONATOR 

f = iMHz to 3MHz : Cl = C2 = lOOpF 

f = 3MHz to llMHz : Cl = C2 = 30PF 


TYPICAL CHARACTARISTICS: Vcc = 5V, Ta = 25‘C, unless otherwise noted. 





'reset 


Preset 


'reset 


TYPICAL CURVE 
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OUTLINE DRAWING (DUAL INLINE PACKAGE) 


Unit in mra 


4 0 2 1 




Note: 1. This dimension is measured at the center of bending point of leads. 

2. Each lead pitch is 2.54mm, and all the leads are located within 
±0.25mm from their theoritical positions with respect to No.l and 
No .40 leads. 
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OUTLINE DRAWING (Plastic Leaded Chip Carrier) 
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8-BIT SINGLE-CHIP MICROCOMPUTER 
GENERAL DESCRIPTION 

The TMP8048PI, from here on referred to as the TMP8048, is a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technology’ which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 64 x 8 RAM data memory, IK x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP8048 is particularly efficient as a controller. It has extensive 
bit handing capability as well as facilities for both binary and BCD 
arithmetic . 

The TMP8035PI is the equivalent of a TMP8048 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easy. 


FEATURES 


. 2.5 lS Instruction Cycle 
• A. 11 instruction 1 or 2 c'-’cles 
. Over 90 instructions; 70/= sicgl 
. Easy expandable memory and I/O 
. IK X 8 masked ROM 


. 6- X 8 RAM 
. 27 I/O lines 

byte . Interval Timer/Event Counter 
. Single level interrupt 
. Single 5V supply 

-40‘C to +85'C Operation 


PIN CONNECTIONS (Top View) 


To 

c 

1 

^ 40 

D 

Vcc (+5V) 

XTALl 

c 

2 

39 

D 

Tl 

XTAL2 

c 

3 

38 

3 

^.11 

RESET 

c 

4 

37 

3 



c 

5 

36 

3 

^25 

INT 

c 

6 

35 

3 

^*24 

EA 

c 

7 

34 

3 

1*17 

RD 

c 

8 

33 

3 

Ti6 

PSEN 

c 

9 

32 

3 

1*15 

WR 

c 

10 

31 

3 

Pl4 

ALE 

c 

11 

30 

3 

Pi 3 

DBO 

c 

12 

29 

3 

^12 

DBi 

c 

13 

28 

3 

I’ll 

DB 2 

c 

14 

27 

□ 

PlO 

DB 3 

c 

15 

26 

□ 

'^ddC+sv) 

DB 4 

c 

16 

25 

3 

PROG 

DB 5 

c: 

17 

24 

3 

P 23 

DBe 

i: 

18 

23 

□ 

P 22 

DB 7 

d 

19 

22 

3 

I’21 

(OV)'^SS 

c 

20 

21 

3 

0 

CM 
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felOCK DIAGRAM 
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operations with the I/O 
expander . 

Note 2) The output latch of port 0 
is also used for address 
output . 
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PIN NAMES AND PIN DESCRIPTION 


VSS (Power Supply) 

Circuit GND potential 


VDD (Power Supply) 

+5V during operation Low power standby pin for TMP8048 RAM 


VCC (Main Power Supply) 

-i-SV during operation 


PROG(Output) 

Output strobe for the TMP8243P I/O expander 


P10-P17 (Input/Output) Port 1 

8 -bit quasi -bidirectional port (Internal Pullup=50kQ) . 


P20-P27 (Input/Output) Port 2 

8 -bit quasi-bidirectional port (Internal Pullup=50kr2) . 

P20-P23 Contain the four high order prograr:: counter bits during an 
external program memory fetch and serve as a 4-bit I/O expander bus for 
the TMP8243P. 


DB0-DB7 (Input/Output , 3 State) 





the 8 low order prograr: counter bits during an external program me mory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 


TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

T1 (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is 
enabled. Interrupt is disabled after a reset. Also testable with 
conditional jump instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low) Used as a Write Strobe to 
External Data Memory. 
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RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable . This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being excuted. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory.’-. Useful for emulation and debug and essential for testing 
and program verification. (Active High). 


XTAL 1 (Input) 

One side of crystal input for internal oscillator, 
al source. 


i.lSi 


JUL4. U/ w 4. 


extern- 


XiAL 2 (Input) 

Other side of crystal input. 
FUNCTIONAL DESCRIPTION 


1 . System Configuration 

The following system functions of the TMP8048 are described in detail. 


(1) 

Program Memory 

(6) 

Stack (Stack Pointer) 

(2) 

Data Memory 

(7) 

Flag 0, Flag 1 

(3) 

I/O Port 

(8) 

Program Status Word (PSW) 

(4) 

Timer/Counter 

(9) 

Reset 

(5) 

Interrupt Control Circuit 

(10) 

Oscillator Circuit 


(1) Program Memory 

. The maximum memory that can be directly addressed 
4096 bytes. The first 1024 bytes from location 0 
internal resident mask ROM. The rest of the 3072 
memory are external to the chip. The TMP8035 has 
memory; all memory must be external. 


by the TMP8048 is 
through 1023 can be 
bytes of addressable 
no internal resident 
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There are three locations in Program Memory of special importance. 



Memory' Bank 1 


Memory Bank 0 


Program Memory Area 


. Location 0 

Activating the Reset line of the processor causes the first instruc¬ 
tion to be fetched from Location 0. 

. Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

. Location 7 

A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held in 
Location 7. 

. Program address 0-2047 and 2048-4095 are called memory banks 0 and 1 
respectively switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of 
an unconditional jump instruction or call instruction executed after 
using SEL MBO or SEL MBl . 

Reset operation automatically selects Bank 0. 


(2) Data Memory 

. Resident Data Memory (volatile RAM) is organized as 64 words by 8-bits 
wide . 

. The first 8 locations (0 -7) of the memory array are designated as 
working registers and are directly addressable by several 
instructions. By executing a Register Bank switch instruction (SEL 
RBI) locations 24 - 31 are designated as the working registers in 
place of 0 - 7. 
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Address 

63 


TMP8048PI ,TMP8035PI 


32 


Data Memory 


31 

Resister Bank 1 

24 

REl 

23 



8 Level Stack 

8 

(’16 byte) 

7 

Resister Bank 0 

0 

RBO 


Internal Data Memory Area 

. RAM locations 8-23 serve a dual role in that they contain the -program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting Is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

•. ALL 64 locations are incirectlv addressable thrcuz". either cf two RAM 
Pointer Registers which reside at RO and R1 of the Register array. 

. The TMP504S architecture allows extension of the Data Memory to 256 words. 


( 3)Input/Output Ports 

. The TMP8048 has 27 I/O lines which can be used for either input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when tested by con¬ 
ditional jump instructions. 

. Ports 1 and 2 are each 8-bits wide and have identical characteristics. 

Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

. All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line is 
continously pulled to a +5V level through a high impedance resistive device 
(SOkJI ) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 
to "1" transition a low impedance device (5kQ ) is switched in momentarily 
whenever a "1" is written to line. When a "0" is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 
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50kn I/O pins 
Portl or 2 


Fig.l Input/Output Circuit of Port 1, Port 2 

. Reset initialises all lines to a high impedance "1" state. 

. When external data memory area is not addressed during excution of an 
internal program. Port 0 (DBO - DB?) becomes a true bidirectional port 
(bus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serv’e as either a staticallv latched outnut nort or 
a non-latched input port. However, I/O lines of this port cannot be 
intermixed. 

. As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

. As a bidirectional port the MOV'X instructions are used to read and write 
the port which generate the RD and WR strobes. 

. When not being written or read, the Bus lines are in a high impedance 
state . 


(4)Timer/Event Counter 

. The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 

. Timer mode 
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(2) External input clock form T1 terminal 

(minimum cycle time 3 x ALE cycle) 

. Event Counter mode 

The counter is presettable and readable with two MOV instructions 

which transfer the content of the accumulator to the counter and vice 

versa. The counter content is not affected by a Reset and is initialized 
solely by the MOVT, A instruction. The counter is stopped by a Reset or 
STOP TCNT instruction and remains stopped until started by START T 

instruction or as an event counter by a START CNT. Once started the 
counter will increment to its maximum count (FF) and overflow to Zero 

continuing its count until stopped by a STOP TCNT instruction or RESET. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a subroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with the 
conditional JUMP (JTF). The flag is reset by excuting a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 



Timer Interrupt Enable 


Fig.2 Concept of Timer Circuit 
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The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

. An interrupt sequence is initiated by applying a low level "0" to the INT 
pin. INT is level triggered and active low which allows "Wire Oring" of 
sever-al interrupt sources. The interrupt level is sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine" at Loca¬ 
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

. When an overflow occurs in the internal timer/event counter an interrupt 
request is generated which is reserviced as outlined in pre vio us paragraph 
except that a jump to Location 7 is used instead of 3. If INT and times 
overflow occur simultaneously then external request INT takes precedence. 

. If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 

A "1" to "0" transition on T1 will cause an interrupt vector to Location 7. 

• ins interrupt service routine pointed to te adcresse 
must reside in nemory between 0 and 2047, i.e., Bank 

Figure 3 illustrates the concept of the interrupt control circuit. 



(6) Stack (stack Pointer) 

. An interrupt or Call to subroutine causes the contents of the program 

counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Words (PSW explained in section (8)). Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

. The stack pointer when initialized points to RAM location 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre¬ 
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

. At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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Pointer Address 

(7) Flag 0, Flag 1, (FO, FI) 

. The TMP804S has two flags FO and FI which are used for conditional jutip . 
These flags can be set , reset and tested with the conditional jurtp 
instruction JFO. 

. FO is a part of the program status word (PSW) and is saved in the stack 
area when a subroutine is called. 

(8) Program Status Word (PSW) 

. An 8-bit status word which can be loaded to and from the accumlator exists 
called the Program Status Word (PSWO • The PSW is read by a MOV A, PSW and 
written to by a MOV PSW, A. The information available in the PSW is shown 
in the diagram below. 
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Stack Pointer 

_ i _ 

I C I AC IFO IBS II |S2 I SI |SO | 

MSB 1 Mi LSB 


Saved in stack area Spare Cl” during Read) 
at the time of Sub¬ 
routine Call . 


Bits 0 - 2 : Stack Pointer BitsCSO, SI, S2) 
Bit 3 : Not used ("1" level when read.) 

Bit A : Working Register Bank Switch Bit 

(BS) 


Bit 5 
Bit 6 


Bit 7 


0 = Bank 0 
1 = Bank 1 

: Flag 0 (FO) 

: Auxiliary Carry (AC) carry bit generated by an ADD 
instruction and used by the decimal adjust instruction 

da, a (AC) 

: Carry (C) flag which indicates that the previous 
operation has resulted in the accumulator. 

(C) 


(9) Reset 

. The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup register which in 
combination with an external luF capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized. 



RESET 
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If the pulse is generated externally the reset pin must be held at ground 
(<0.5V)for at least 50mS after the power supply is within tolerance. 

. Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank 0. 

(iv) Selects Memory Bank 0. 

(v) Sets BUS (DBO - DB 7) to high impedance state. (Except when EA = 5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag. 

(x) Clears FO and FI. 

(xi) Disables clock output from TO. 

(10) Oscillator Circuit 

• TMPSOAS can be operated by the external clock input in addition to 
crystal oscillator as shown below. 


+5V 



2. Basic Operation and Timing 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 
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(1) Instruction Cycle 

. The instructions of TMP8048 are executed in one or two machine cycles, 
and one machine cycle contents of five states. 

. Fig.4 illustrates its relationship with the clock input to CPU. 

. 42 . clock shown in Fig.4 is derived to outside by ENTO CLK instruction. 

. ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 


(2) External Memory Access Timing 
(i) Program Memory Access 

. TMP8048 programs are excuted in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of- external program only. 

The external program memory is accessed (instructions are fetched) 

automatically when the internal ROM address is exceeded in mode (2) 

and from initial start address 0 in mode (3). 

, In the external program memory access operation, the following will occur 

. The contents of the 12-bit program counter will be output on BUS(DBO - 
DB7) and the lower 4-bits of Port 2. 

. Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address 
externally . 

. Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

. BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

. Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

. In the extended data memory access operation during READ/WRITE cycle the 

following occurs 

. The contents of RO R1 is output onto BUS (DBO - DB7). 

. ALE indciates address is valid. The trailing edge of ALE is used to 
latch the address externally . 

. A read RD or write WR pulse on the corresponding output pins indicates 
the type of ^ta memory access in progress. Output data valid at trail- 
ing edge of WR and input data must be valid at trailing edge of RD. 

. Data (8-bits) is transferred over BUS. 
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. Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 

(3) Interface with I/O Expander (TMP8243P) 

. The TMP8048 I/O can be easily expanded using the TMP8243 I/O Expander. 

THis device uses only the lower half 4-bits of Port 2 for comnuication 
with the TMP8048. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer consists 
of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits of data. 


+12V 



Fig.7 Timing of Reading Internal Program Memory 


5V 



Fig.8 (a) Single Step Circuit 
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Reading of Internal Program Memory 

. The processor is placed in the READ mode by applying +12V to the EA pin and 
OV to the RESET pin. The address of the location to be read is then 
applied to BUS and the lo w orde r 2-bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

. Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

. A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

. A D-type flip flop with set and reset is used to generate SS. In the run 

mode SS is held high by keeping the flip flop set. To enter single step, 

set is removed allowing ALE to bring SS low via reset input. The next 
instruction is started by clocking a "1" into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
the processor begins an instruction fetch which brings ALE low resetting 
FF and causing.'the processor to again enter the stopped state. 

. The timing diagram in this case is as shown in Figure 8 (b). (EA = 5V) . 

(6) Lower Power Stand-by Mode. 

. The Lower T>I?S2AS has been organized to allow power to be removed from all 
but the volatile, 64 x 8 data RAM array. In power dow’n mode the contents 
of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

. VCC serves as the 5V supply for the bulk of the TMP8048 while the VDD 

supplies only the RAM array. In standby mode VCC is reduced to OV but VDD 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from VCC. 


SS 

ALE 

DBO - DB7 

P20-P23 



Port20 -23 
Data 


Fig.8(b) Single Step Operation Timing 


MCU48-124 





TOSHIBA _ TMP8048PI ,TMP8035PI 

INSTRUCTION 

ACCUMULATOR INSTRUCTION 



1 Instructio 


■ 


Bytes 

j Cy c 1 e s 

1 Flag 


|D7|D6| 

D5i 


1 Cl 

AC 

lADD A,Rr 

1 01 

11 

1 1 

Ol 

11 rl 

rl 

r|(A)<-(A)+(Rr) I 

1 

1 

1 

1 o 1 

o 

1 

I 1 

1 

1 

1 

1 1 

1 

1 r = 0 - 7 1 


1 


1 1 


lADD A,(5Rr 

I oi 

11 

1 1 

0 1 

Ol Ol 

Ol 

r1(A)<-(A)+((Rr)) | 

1 

1 

1 

1 ol 

0 

1 

1 1 

1 

1 

1 

1 1 

1 

1 r = 0, 1 1 


1 


1 1 


lADD A,#Data 

i 01 

0 1 

01 

0 1 

Ol Oi 

11 

1 I(A)<-(A)+Data | 

2 

1 

2 

1 0 1 

o 

1 

!d7 1 

d6! 

d5|d4id3'd2|dl1 

dOl 1 


1 


1 1 


1ADDC A,Rr 

I 0 1 

1 1 

11 

1! 

ll rl 

r 1 

rl(A)<-(A)+(Rr)+(C) | 

1 

1 

1 

1 o! 

0 

1 

1 1 

1 

1 

I 

1 1 

1 

1 r = 0 - 7 1 


1 


1 1 


lADDC A,eRr 

1 ol 

1 1 

1 1 

11 

Ol Ol 

Ol 

r|(A)<-(A)+((Rr))+ 1 

1 

1 

1 

1 o ! 

0 

1 

1 1 

1 

1 

1 

1 1 

1 

1(0 1 


i 


1 1 


1 

1 1 

1 

1 

1 

1 1 

1 

1 r = 0, 1 1 


1 


1 1 


lADDC A,^*Data 

1 0! 

0 1 

0 I 

11 

Oi ol 

1 1 

1 1 (A)<-(A)M-Data+(C) | 

2 

1 

2 

1 0 1 

o 

1 

|d7Id6jd5I 

d4!d3!d2|dl I 

dOi I 


1 


1 1 


lANL A,Rr 

1 01 

11 

0 I 

1 I 

1 1 r 1 

rl 

rl(A)<-(A) and (Rr) | 

1 

1 

1 

I -1 

- 

1 

1 1 

1 

1 

1 

1 1 

I 

1 r = 0 - 7 1 


1 


1 1 


lANL A,(?Rr 

1 o! 

1 1 

Oi 

1 1 

0 ! ol 

Oi 

ri(A)<-(A)and ((Rr))| 

1 

1 

1 

1 - 1 

- 

1 

1 1 

1 

1 

1 

I 1 

1 

I r = 0, 1 I 


1 


1 1 


lANL A,f‘Data 

1 0! 

11 

ol 

1 1 

ol ol 

ll 

11(A)<-(A) and Data | 

2 

1 

2 

1 - 1 

- 

! 

'd7' 

d6' 

d5! 

d4! 

d3’d2'dl * 

dO' ! 


1 


1 ! 


1 ORL A,Rr 

1 01 

11 

01 

Ol 

11 rl 

rl 

r1(A)<-(A) or (Rr) 1 

1 

1 

1 

1 -1 

- 

i 

1 1 

1 

1 

1 

I 1 

1 

1 r = 0 - 7 1 


1 


1 1 


lORL A,eRr 

1 ol 

1 1 

ol 

Ol 

Ol 01 

Ol 

r|(A)<-(A) or ((Rr))1 

1 

1 

1 

1 -1 

- 

1 

1 

I 1 

j 

1 

1 

I 1 

; \ 

1 

! 

! r = 0, 1 I 


1 


! I 


■ O'v— .A,*La“a 

' 0 : 

1 : 

o: 

Oi 

o: Oi 

1 : 

1;(A)<“(A) or Data 

2 

i 

2 

1 “ i 

- 


d7 ■ 

dc- 

C 5 : 

dip 

d3 d2 

dl ' 

dO : ! 


1 


] ; 


1 XF.L A, Rr 

: 1 ■ 

1 ; 

o; 

i; 

li r! 

r i 

rl(A)<-(A) EOR (Rr) i 

1 

I 

1 

1 -1 

- 

i 

1 1 

1 

1 

1 

1 1 

1 

1 r = 0 - 7 1 


1 


1 1 


IXRL A,(3Rr 

1 11 

11 

ol 

1 1 

Ol Ol 

Ol 

r1(A)<-(A) EOR((Rr)) | 

1 

1 

1 

1 -I 

- 

I 

I 1 

1 

1 

1 

1 1 

1 

1 r = 0, 1 1 


1 


I 1 


IXRL A,#Data 

1 11 

11 

ol 

1 1 

Ol Oi 

ll 

1 1(A)<-(A) EOR Data | 

2 

1 

2 

1 - i 

- 

1 

Id7| 

d6|d5|d4|d3!d2l 

dll 

dOl I 


1 


1 1 


liNC A 

1 Ol 

01 

ol 

1 1 

ol ll 

li 

1|(A)<-(A)+1 I 

1 

1 

1 

1 - 1 

- 

IDEC A 

1 Ol 

Ol 

ol 

ol 

0 1 1 1 

11 

1|(A)<-(A)-1 I 

1 

1 

1 

1 -I 

- 

1 aR A 

1 0! 

Ol 

1 1 

ol 

Ol ll 

ll 

l|(A)<-0 1 

1 

1 

1 

1 -1 

- 

1 CPL A 

1 01 

Ol 

1 1 

1 1 

ol ll 

ll 

1|(A)<-N0T (A) 1 

1 

1 

1 

1 -1 

- 

Ida a 

1 01 

11 

ol 

1 1 

ol ll 

ll 

1 I Decimal Adjust 1 

1 

1 

1 

1 0 1 

- 

1 

1 1 

1 



1 1 

1 

1 Accumulator I 


1 


1 1 


ISWAP A 

1 01 

11 

ol 

ol 

ol ll 

ll 

11(A4-7)->(A0-3) 1 

1 

1 

1 

1 -1 

- 

1 

1 

1 1 

1 



1 1 

1 

1 

1 <- 1 

1 1 


1 

1 


1 I 

I I 



MCU48-125 















TOSHIBA 


TMP8048PI ,Thff 8035PI 


Mnemonic 




Instruction Code 


MD6ID5 ID4ID3ID2ID1 


L I 1 I 1 I 0| 01 II 1 


0l 1 I 1 



01 II 1 


0 I 1 I 1 


Operation 


(An+1)<-(An) 
n = 0-6 

(A0)<-(A7) 
(An+1)<-(An) 
n = 0-6 

(C)<-(A7) 
(A0)<-(C) 
(An)<-(An+1) 
n = 0-6 

(A7)<-(A0) 
(An)<-(An+l) 
n = 0-6 

(C)<-(A0) 
(A7)<-(C) 


Bytes jCycles 


1 


1 1 

1 - 

1 1 

1 

1 

I 1 

1 

1 1 

1 

1 

1 

1 


Input/Output Instruction_ 


; ^. I ‘Instruction Code _! 

I |D7|D6;D5'D4iD3|D2:DliD0| 


I IN A,Pp I 01 Oi 01 0 

I I I I I I 

!o'jr^ ?p ,A ! 0' 0' 1' 1 

I ! ' ; ; 

iANL ?pj~Data 1 0 1 

• ’ d? d5 di- 

lORL Pp,(r‘Data i 1 ! 0! 01 0 
I Id7|d6!d5|d4 

I INS A,BUS I 0 I 0 I 0 I 0 

lOUTL BUS,A I 01 0| 01 0 

IANL BUS,#Data I 1 I 0| 0| 1 

I Id7|d6|d5|d4 

lORL BUS,^iData| 1| 0l 0l 0 
I Id7id6|d5|d4 

|M0\T) A,Pp I Ol 0| 01 0 


MOVD Pp,A I Oi Ol 1 I 1 

I I I I 

ANLD Pp,A I 1| Ol Ol 1 


ORLD Pp ,A 


li Ol Ol 0 


11 

1 

01 

1 

P 1 

1 

p I 

1 

l! 

1 

0! 

1 

P i 

p 1 

1 ■ 

i 

0 1 

p ; 

? ; 

d3' 

c: ■ 

cl ^ 

do; 

1! 

oi 

P I 

p i 

d3| 

d 2 tdlIdol 

1 1 

Ol 

0 1 

0! 

Ol 

Oi 

11 

ol 

11 

Oi 

Ol 

oi 

Id3| 

d 2 |dlIdol 

11 

Ol 

Ol 

ol 

Id3| 

d 2 |dlIdol 

I 11 

1 1 

1 1 

p 1 

p 1 

1 

1 1 

1 11 

1 1 

1 1 

p 1 

1 

p 1 

1 

1 1 
! 11 

1 1 

p I 

1 

p 1 

1 

1 1 

1 11 

1 i 

1 1 

p 1 

1 

p 1 

I 


Operation 


(A)<-(Pp) 

P = 1, 2 

(Pp)<-(A) 

? = 1,2 
(?p)<-(?p)and Data 
? = 1 , 2 
(Pp)<-(Pp)or Data 
P = 1, 2 

(A)<-(BUS) 
(BUS)<-(A) 
(BUS)<-(BUS) and 
Data 

(BUS)<-(BUS) or 
Data 

(A0-3)<-(Pp) 
(A4-7)<-0 
P = 4 - 7 
(Pp)<-(A0-3) 

P = 4 - 7 
(Pp)<-(Pp)and 
(AO-3) 

P = 4 - 7 
(Pp)<-(Pp)or(AO-3) 
P = 4 - 7 



MCU48-126 


























TOSHIBA 


TMP8048PI ,TMP8035PI 


Register Instruction 


j Mnemonic 

1 Instruction Code 1 ^ 

j Bytes 1 

Cy c 1 e s 

1 

FlagI 

|D7iD6|D5iD4!D3lD2|Dl!DO| Operation 

1 

Cl AC 1 

1 INC Rr 

I Oi 0| 01 1| 1| rl rl r| (Rr)<~(Rr) + l 

1 1 1 

1 

1 

- I - 1 

1 

1 1 1 1 1 1 i 1 |r=0-7 

1 1 


I 

1 1 

1 INC @Rr 

1 0l 01 O! 11 0| 0| Ol rl((Rr))<-((Rr))+l 

1 1 1 

1 

1 

- 1 - 1 

1 

1 i 1 1 1 1 1 1 1 r = 0, 1 

1 1 


1 

1 1 

i DEC Rr 

1 ll ll 0! Ol li rl rl rl (Rr)<—(Rr)-l 

1 1 1 

1 

1 

- 1 - 1 

1 

1 i 1 ! 1 1 1 1 1 r = 0 - 7 

1 1 


1 

1 1 

Branch Instruction 

1 Mnemonic 

Instruction Code 1 Operation 



n 

Flag 1 


D7iD6!D5!D4!D3!D2|Dl1 DO| 

BHI 


n 

C! AC 1 

|JMP Address 

al0|a9|a8j Oi 0| U Oi 0 I (PCO-7 )< —(aO-7) 

1 2 1 

2 

1 

- 1 - 1 


Ia7 Ia6la5ia4|a3|a2|al laOl (PC8-10)<—(a8-10) 1 1 


1 

1 1 


1 1 1 1 1 1 1 KPCllX —DBF 

1 1 


1 

1 1 

JMPP (aA 

l! Ol li li 0! 0! ll ll (PC0-7)<—((A)) 

1 1 1 

2 

1 

- 1 - j 

IDJNZ Rr, 

1 1 1 1 1 i Ol 1 I rl r! rl (Rr)<—(Rr)-l 

i 2 1 

2 

1 

- 1 - 1 

1 Address 

a7 i a61a5 ' a41a3ia21al ! aO ! if Rr not 0 

1 1 


1 

I 1 


1 1 1 1 1 1 1 1 (PC0-7)<—(aO-7) 

1 1 


1 

1 1 

jJC Address 

M ll l! l! ol ll l! O'(PC0-7)<~(a0-7) 

! 2 1 

2 

1 

- 1 - ' 


1 1 1 1 1 1 1 lif C = 1 

1 1 


1 

1 1 


a7la6|a5!a4!a3'a2!al|a0i (PC) = (PC) + 2 

1 1 


1 

1 1 


1 1 1 1 1 1 i lif C = 0 

1 1 


1 

1 1 

iJNC Address 

l! l! ll O' o: 1! ll O'(PC0-7)<-(a0-7) 

! 2 1 

2 

1 

-1 -I 

1 





1 1 

\ 

11:111' !(?C)<— (?C)+2 

‘ 1 


1 

! ! 


1 1 : 1 ; i i ‘if c = 1 

! i 


1 

1 1 

|JZ Address 

l! 11 oi O! Ol ll ll ol (PC0-7)<— (aO-7) 

1 2 1 

2 


- 1 - 1 


a7 I a 6 1 a5 1 a4 ! a 3 1 a2|al1aO1 if (a) = 0 

1 1 



1 I 


1 1 1 1 1 1 1 |(PC)<—(PC) + 2 

i 1 



1 1 


1 I 1 1 1 1 I lif (A) .NEQ.O 

1 1 



1 1 

|JNZ Address 

ll Ol Oi ll Ol ll l! 01 (PC0-7)<—(aO-7) 

i 2 1 

2 


-1 - 1 


a7Ia6|a5Ia4|a3ia2lallaO1 if (A) .NEQ.O 

1 1 



1 1 


1 1 1 1 1 1 1 |(PC)<—(PC) + 2 

1 ! 



1 1 


1 I I 1 1 1 i lif (A) = 0 

1 1 



I 1 

|JTO Address 

Ol Ol ll ll Ol ll ll Ol (PCO-7)<~(aO-7) 

1 2 1 

2 


- ! -1 


a7 1 a6 1 a5 1 a4 1 a3 1 a2 lal 1 aO 1 if TO = 1 

1 1 



1 1 


1 1 1 1 1 1 1 |(PC)<~(PC) + 2 

1 1 



1 1 


1 1 1 1 1 1 I lif TO = 0 

1 1 



1 1 

IJNTO Address 

Ol Ol ll 01 O! ll ll Ol (PCO-7)<~(aO-7) 

1 2 1 

2 




a7la 61a51a41a31a2lal1aO1 if TO = 0 

1 1 



1 1 


1 1 1 1 1 1 1 |(PC)<—(PC) + 2 

1 1 



1 1 


1 1 1 1 1 1 1 lif TO = 1 

1 1 



1 1 

|JT1 Address 

Ol ll Ol ll Ol ll ll Ol (PC0-7)<—(aO-7) 

1 2 1 

2 


- 1 - 1 


a7 1 a 6 1 a5 1 a4 1 a3 1 a2 la 1 1 aO 1 if T1 = 1 

1 1 



1 1 


1 1 1 1 1 1 1 |(PC)<—(PC) + 2 

1 1 



1 1 


1 1 1 1 1 1 1 lif T1 = 0 

1 1 



1 1 

|JNT1 Address 

Ol ll Ol Ol Oi ll ll Ol (PCO-7)<~(aO-7) 

1 2 1 

2 



1 

a71 a6 1 a51a41 a31 a21 a 1!aO1if T1 = 0 

1 1 



1 1 


1 1 1 1 1 1 I |(PC)<~(PC) + 2 

1 1 



1 1 


1 1 1 1 1 1 1 lif T1 = 1 

1 1 



1 1 


MCU48-127 





























TOSHIBA 


Tffl^8048PI,TMP8035PI 


Mnemonic 


JFO Address 


JFl Address 


JTF Address 


JNI Address 


JBb Address 


CALL Address 


Instruction Code 


D7|D6|D5|D4 

D3|D2i 

D1 iDOl 

1 1 01 11 1 

0| 11 

1 1 Ol 

a7 1 a61a5 1 a4 

1 1 1 

a3 1 a2 1 

1 1 

a 1 1 aO 1 

1 1 

0| 1 1 11 1 

1 1 
0 1 1! 

1 I Ol 

a 7 1 a 6!a5 1 a4 

1 1 1 

a 3 1 a 2 1 

1 1 

a 1 1 aO 1 

1 1 

01 01 0| 1 

I 1 
01 1 1 

1 1 

1 1 01 

a 71 a 6 Ia51a4 

1 1 1 

a 3 1 a 2 1 

1 1 

allaOl 

1 1 

1 1 1 

1 1 0 1 0 1 0 

1 1 
01 11 

1 1 

1 1 Ol 

a71a6!a51a41a31a2 I 

1 1 1 ! 1 1 

allaOl 

1 1 

b2|bl|b0| 1 

1 ol ol 

1 1 
1! Ol 

a7 1 a6!a5 a4 i a3;a2 1 

1 1 1 1 1 1 

! 1 1 1 1 

al1aO1 

1 1 

1 1 

! 1 1 

1 1 1 
alO|a9|a8| 1 

1 1 1 

1 1 1 

1 ol 11 

i 1 

1 1 
Ol 0! 

a7 1 a6!a51a4 

1 a31a2 1 

al laO 1 


Opera tion 


(PCO-7)<--(aO-7) 
if FO = 1 
(PCX-- (PC) + 2 
if FO = 0 
(PC0-7)< —(aO-7) 
if FI = 1 
(PCX—(PC)+2 
if FI = 0 
(PC0-7X —(aO-7) 
if TF = 1 
(PCX—(PC)+2 
if TF = 0 
(PC0-7X —(aO-7) 
if INT = 0 
(PCX—(PC)+2 
if INT = 1 
(PC0-7X —(aO-7) 
if Bb = 1 

(PCX-(PC) + 2 
if Bb = 0 
(b = 0 - 7) 

((SP)X — 

(PC), (PSW4-7) 

(cp )< — (S? ) + l 
(PCS-lOX —(a8-10) 
(PC0-7X—(aO-7) 


Bytes 


Cycles 



1 1 1 1 1 1 

1 

I 

KPCllX—DBF I 

i 

IRZT 

1 1| Ol Ol Ol 01 

ol 

11 

1 1 (SPX—(SP)-l 1 

1 1 


1 1 1 1 1 1 

1 

1 

KpcX—((SP)) 1 


1 RETR 

1 i! Ol 0! i| ol 

ol 

11 

11 (spX—(SP)-I 1 

1 1 


1 1 1 1 1 1 

1 

1 

i(pcX— ((SP)) 1 



1 1 1 1 1 1 

1 

1 

( (PSW4-7)<—((SP)) 1 



Flag Manipulation Instruction 


CLR C 
CPL C 
CLR FO 
CPL FO 
CLR FI 
CPL FI 


Instruction Code I Operation 


D2|D1IDO 


II 01 01 II 0| II 1| IKCX— 0 
II 0| 1| 0| 0| 1| 1| 1|(CX—NOT(C) 

1| 0| 01 01 0| 1| 01 1| (FOX— 0 

1| 0| 0| 1| 0| 1| 0| 1 I (FOX—NOT(FO) 

1| 0| 1| 0| 0| 1| 0| 1| (FIX— 0 

1| 01 1| 1| 01 1| 0l 1 I (FIX—NOT(Fl) 


1 Bytes 




MCU48-128 






























TOSHIBA 


TM1’8048PI ,TMP8035PI 


Data Transfer Instruction 


1 Mnemonic | 

Instruction Code 


1 Operation 

1Bvtes 

1 ' 

I Cycles 1 

Flag 

1 1 

D7|D6l 

D5i 

D4 |D3 1 

D2IDIIDO 1 

Cl 

AC 

iMOV A, Rr 1 

1 1 1 1 

1 I 

1 1 

11 

r| 

rl 

r|(A)<— (Rr) 

1 1 

1 1 I 

- 1 

- 

1 1 

1 1 


1 

1 

1 

1 

I r = 0 - 7 

I 

1 I 

1 

1 

- 

iMOV A, @Rr 1 

11 11 

1 1 

1! 

ol 

Ol 

o! 

r|(A)<— ((Rr)) 

I 1 

I 1 1 

- 1 

- 

1 1 

1 1 


1 

1 

1 

i 

1 r = 0, 1 

1 

1 1 

1 


iMOV A, #Data1 

0! 01 

1 i 

0! 

ol 

Ol 

11 

1 I(A)<--Data 

1 2 

1 2 1 

- 1 

- 

i i 

d7 ! d6! 

d5! 

d4 ! 

d3Id21 

di Ido; 

1 

1 1 

1 


i MOV Rr, A 1 

1! 0 i 

1 i 

0 I 

11 

r| 

ri 

r i (RrX —(A) 

I 1 

I 1 1 

- 1 

- 

1 1 

1 1 


1 

1 

1 

1 

1 r = 0 - 7 

1 

1 1 

1 


|MOV(aRr,A 1 

1 1 0 1 

1 ! 

ol 

Ol 

Ol 

ol 

r!((Rr))<-(A) 

1 1 

1 1 1 

- 1 

- 

1 1 

1 1 


1 

1 

1 

1 

1 r = 0, 1 

1 

1 1 

I 


IMOV Rr,#Datai 

1! 01 

1 1 

11 

11 

r 1 

r 1 

r1(Rr)<—Data 

1 2 

1 2 1 

- 1 

- 

1 1 

d7|d6i 

d5| 

d4 1 

d3| 

d2|dlIdol r = 0 - 7 

1 

1 1 

1 


|MOV(3Rr ,#Data 1 

1 1 0 1 

1 1 

1 1 

0 1 

Ol 

Oi 

r1((Rr))<—Data 

1 2 

1 2 1 

- 1 

- 

1 1 

a7 a6 1 

a5 1 

a4 1 

a3| 

a2! 

al ! 

aO| r = 0, 1 

1 

1 1 

1 


|MOV A,PSW 1 

1 1 1 1 

0! 

0 1 

Ol 

11 

1 1 

1|(A)<-- (PSW) 

1 1 

1 1 1 

- 1 

- 

iMOV PSW, A 

1 i 1 1 

01 

11 

Ol 

11 

1 1 

1 1 (PSWX—(A) 

1 1 

1 1 1 

- 1 

- 

ixCH A, Rr 1 

1 1 

0 ! o| 

! 1 

11 

Ol 

1 1 

1 

r| 

1 

rl 

1 

r 1 (A)—>(Rr) 

1 / 

1 1 

1 

1 1 1 

1 1 

1 

1 

1 

- 

I 1 

i i 

i 1 

1 1 


1 

1 

1 

1 

1 

1 

1 

1 

1 r = 0 - 7 

I 

1 1 

1 1 

1 

1 


iXCH A,(3Rr 1 

1 1 

o! o| 

1 1 

11 

01 

1 

Ol 

1 

Ol 

1 

Ol 

1 

r|(A)—>((Rr)) 

1 ^ - 

I 1 

1 

1 1 1 

1 1 

1 

- 

1 1 

1 1 

1 1 

1 1 


I 

1 

1 

! 

1 

1 

1 

I 

j 

1 A - 

1 r = 0, 1 

i 

1 

1 1 

1 1 

1 

1 

1 


;XCHD A,(?Rr i 

0; Oi 

1 i 

1 

1 i 

0 : 

0: 

0; 

r : (AO-5)—>((RrO-3)) 

1 

1 ‘ 

! •!- i 

- : 

•* 

i i 

i t 

< i 

! 

1 

I 

t 

1 

i 

I r = 0, 1 

I 

■ i 

! 


IMOVX A,@Rr i 

1 ! ol 

ol 

Oi 

oi 

oi 

oi 

ri(A)<~((Rr)) 

1 1 

I 2 1 

- I 

- 

1 1 

1 1 

1 

1 


1 

1 

1 r = 0, 1 

1 

1 I 

1 


iMOVX (aRr,A | 

1 1 0 1 

ol 

11 

o! 

ol 

oi 

r 1 ((Rr))<—(A) 

1 1 

1 2 1 

- 1 

- 

i 1 

1 1 

1 

1 


1 

1 

1 r = 0, 1 

1 

1 1 

1 


MOVP A, @A 1 

1 i ol 

11 

ol 

oi 

ol 

11 

1 1 (PC0-7)<—(A) 

1 1 

1 2 I 

- 1 

- 

i 1 

1 1 

1 

1 


1 

1 

|(A)<~((PC)) 

1 

I 1 

1 


1 MOVP 3 A, (34 i 

11 11 

11 

ol 

ol 

ol 

11 

1 1 (PC0-7)<—(A) 

1 1 

I 2 1 

- 1 

- 

1 i 

i 1 

1 

1 


1 

1 

1(PC8-11)<--0011 

1 

1 1 

I 


1 1 

1 1 

1 

1 


1 

1 

|(A)<—((PC)) 

I 

1 1 

I 



MCU48-129 
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Timer/Counter Instruction 


Mnemonic 


Instruction Code 



1 D7! 

D6|D5|D4 ! 

D3!D2|D1|D0| 

1 


1 


1 


AC 

MOV A,T 

1 01 

11 Oi 01 

Ol 

ol 

ll 0|(A)<--(T) 

1 

1 

1 

1 

1 

- 1 

- 

MOV T,A 

1 ol 

1! 11 Ol 

Ol 

ol 

1| Ol(T)<--(A) 

1 

1 

1 

1 

1 

-1 

- 

STRT T 

1 01 

11 Oi 11 

Ol 

11 

0 1 1 iCounting is 

1 

1 

1 

1 

1 

- 1 

- 


1 1 

1 1 1 

1 

1 

1 Istarted in the 

1 


1 


1 




1 I 

1 1 1 

I 

1 

I 1timer mode 

1 


1 


1 



STRT CNT 

I 0! 

1 1 01 ol 

0 ! 

11 

01 1!Counting is 

1 

1 

1 

1 

1 

- i 

- 


I I 

1 1 1 

I 

1 

1 Istarted in the 

1 


1 


1 




I I 

1 1 1 

1 

1 

1 levent counter 

1 

1 

1 

1 

1 

- 1 

- 


I I 

1 1 1 

1 

1 

1 Imode 

1 


1 


1 



STOP TCNT 

I 0! 

11 11 0! 

Ol 

11 

0 1 11 Stop both time 

1 

1 

1 

1 

1 

1 

- 1 

- 


I i 

1 ! 1 

1 

i 

1 1 accumulation and 

1 


1 


1 




I I 

1 1 1 

1 

1 

1 levent counting 

1 


1 


1 



EN TCNPTl 

I 0! 

ol 1 1 o! 

01 

11 

Ol 1(Timer interrupt 

1 

1 

1 

1 

1 

- 1 

- 


i I 

1 1 

1 1 

1 

1 

1 iis enabled 

1 


1 


1 



DIS TCNTl 

1 oi 

ol 1 1 1 1 

ol 

11 

ol 1 iTimer interrupt 

i 

1 

1 

1 

1 

- 1 

- 






Iis disabled 

1 


1 


1 




Bytes 


Cycles 


Flag 


Control Instruction 


Mnemonic 

1 Instruction 

Code 


1 Operation |B 

y tes 

1 Cycles 1 

Flag 1 

! D7' 

D6l 

D5! 

D4|D3| 

D2ID11 

DOl 1 

1 1 

C 

AC I 

EN I 

' n ' 

V 

0: 

n 

0' 

0' 

1’ 

O: 

1'External interrupti 

2 

1 I 

- 

^ i 


1 1 

! 

j 

1 

! 

1 

1 

'is enabled I 


! ! 


j 

DIS I 

i O' 

Ol 

o; 

1 : 

Oi 

1 I 

O' 

1 -External interrupt 1 

1 

1 1 1 

- 

-1 


i 1 


1 

J 

1 

1 

1 

|is disabled 1 


I 1 


i 

SEL RBO 

1 ll 

1 1 

ol 

U 1 

1 

ol 

ll 

Ol 

1 1 (BSX— 0 1 

1 

1 1 1 

- 

-1 

SEL RBI 

1 ll 

1 i 

ol 

11 

ol 

1 1 

Ol 

1 1 (BSX— 1 1 

1 

1 1 1 

- 

- 1 

SEL MBO 

1 ll 

1 I 

i! 

oi 

ol 

1 I 

Ol 

1 1 (DBFX— 0 1 

1 

1 1 1 

- 

- 1 

SEL MBl 

1 11 

1 i 

11 

li 

01 

1 1 

Ol 

1 1 (DBFX— 1 1 

1 

1 1 1 

- 

-1 

ENTO CLK 

1 01 

1 1 

11 

ll 

ol 

ll 

Ol 

1|T0 is enabled to I 

1 

1 1 1 

- 

- 1 


1 1 



i 

1 

1 

1 

lact as the clock | 


1 1 




1 1 


1 

1 

i 

1 

1 

1 output 1 


1 1 



NOP 

1 01 

Ol 

ol 

ol 

ol 

01 

Ol 

0!No operation 1 

1 

1 1 1 

- 

- 1 
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TMP6048P1/8035P1: INDUSTRIAL SPECIFICATION 


ABSOLUTE MAXIMUM RATTINGS 


SYMBOL I ITEM 


VDD IVDD Supply Voltaee (with respect to GND (VSS)) 


Input Voltaee (Except EA) 


VINE I Input Voltaee (Onlv EA) 


PD iPower Dissipation (Ta = 70*C) 


TSOLDER ISoldering Temperature (Soldering Time 10 sec) 


TSTG [Storage Temperature 


TOPR [Operating Temperature _ 


RATTING 


-0.5V to + 7V 


-0.5V to + 7V 


-0.5V to + 7V 


i-0.5V to + 13V 


1 .5W 


I 2 60 ‘ C 


-55‘C to 150‘C 


-40'C to 85*C 


DC CHARACTE RISTICS _ 

|TA=-40‘C to 85 ' CI ) VCC=\T)D=+5V±10%, VSS = 0V, Unless Otherwise Noted 


SYMBOL I PARAMETER 


VIL [Input Low Voltage _ 

[(Except XTALl ,XTAL2.RESET) 


VILl ilnput Low .Vol tage 

I (XTALl ,XTAL2,RESET) 


VIH Ilnput High Voltage _ 

[(Except XTALl,XTAL2,RESET) 


VIHl [Input High Vo ltage 

i( xiali,xtal2.reset) 


TEST CONDITIONS [MIN.|TYP.|MAX.|UNIT 


-0.51 - [ 0.7 V 


3.8; - i VCC^ V 


(RD, VR, PSEN, ALE) 


VOL 2 1 

Output Low’ Voltage (PROG) [ 

lOL = 0.8 mA 

VOL 3 ! 

1 

Output Low Voltage [ 

(For other output pins) 1 

lOL = 1.2 mA 

VOH ! 

Output High Voltage (BUS) [ 

1 lOH =-280uA 

VOHl [ 

Output High Voltage 

(RD, WR, PSEN, ALE) I 

1 lOH =-80uA 

VOH 2 1 

[ 

Output High Voltage 1 

(For other output pins) 1 

1 lOH =-30uA 


Input Leak Current (T1, INT) 

[VSS < VIN < VCC 

1 

ILIl [ 

Input Leak Current [ 

(PlO-17 , P20-P27 , EA, SS) 

VSS+0.45<VIN<VCC 

1ILO [ 

Output Leak Current (BUS, TO) 
(High impedance condition) [ 

|VSS+0.45<VIN<VCC 

1 . ■ " 


VDD Supply Current 


-7001 UA 
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AC CHARACTE RISTICS _ 

|TA=-40’C to 85'Cl. VCC=VDD=+5V±10%, VSS=0V, Unless Otherwise Noted. 


1 SYMBOL 

1 PARAMETER 

ITEST CONDITIONS 

IMIN.1 

TYP 

usm 

UNIT 1 

1 tLL 

1 ALE Pulse Width 


1 200 1 

- 

1 - 

ns 1 

ItAL 

lAddress Setup Time (ALE) 


1 1201 

- 

1 - 

ns 1 

It LA 

lAddress Hold time (ALE) 


1 80 1 

- 

1 - 

ns 1 

1 tcc 

1 Control Pulse Width(PSEN,RD,WR) 


I 1 

1 400! 

— 

1 

1 - 

ns 1 

1 tDW 

iData Setup Time (WR) 


1 1 

1 420 1 


. 

ns 

1 tWD 

iData Hold Time (WR) 


1 1 

1 80 1 

■ 

■ 

■ 

ltd 

1Cvcle Time 


1 2.51 

- 

115.0 

ys 1 

1 tDR 

iData Hold Time (PSEN,RD) 

1 CL = 20 pF 

1 1 

1 01 


1 

1 200 

ns 1 

1 tRD 

iData Input Read Time (PSEN, RD) 


1 1 


1 

1 400 

ns 

1 tAW 

lAddress Setup Time (WR) 


1 1 

I 230 1 


1 

1 

ns 1 

ItAD 

lAddress S^tuo Time (Data Input) 


1 - 1 

- 

1 600 

ns 

1 

1 

1 tAFC 

lAddress Float Time (RD, PSEN) 


H 

■ 

■ 

1 

ns 

1 tCA 

1 Internal between Control Pulse 


1 101 

- 

OHl 

ns 


1 and ALE 


1 1 


■■I 

1 

itC? 



! 115! 

- 

; - 

ns ! 

! t?C 

!Port Control Hold Tice (FROC) 

1 

■ 65' 

- 

■ - 

ns 

! tPR 

iPort 2 Input Data Set Time 

1 

1 

: ^ ! 

- 

1 860 

ns ; 

1 

1 (PROG) 

1 

1 1 


1 


1 tDP 

1 Output Data Setup Time (PROG) 

( 

1 230 1 

- 

i - 

ns 

1 tPD 

lOutput Data Hold Time (PROG) 

1 

i 25 1 

- 

1 - 

i ns 

1 tPF 

iPort 2 Input Data Hold Time 

1 

I 01 

- 

mem 

ns 

1 

I (PROG) 

1 

1 1 


1 


ItPP 

1PROG Pulse Width 

1 

1 9201 

- 

1 - 

ns 

ItPL 

iPort 2 I/O Data Setup Time 

1 

1 3001 

- 

1 - 

ns 

ItLP 

iPort 2 I/O Data Hold Time 

1 

1 1201 

- 

1 - 

ns 


Note :tCY = 2.5us, Control Output: CL=80pF, BUS Output: CL=150pF, PORT20~23: 
CL=80pF. 
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C. Write into External Data Memory 


ALE 

wr" 

BUS 
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D. Timing of Port 2 during Expander Instruction Execution 



* Input Enabled State 


TYPICAL CHARACTERISTICS 


1) BUSiIqh “ 3) BUS, PI, P2: Iql - Vql 
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PROGRAM TAPE FORMAT 

TMP8048 programs are delivered in the form of paper tape with 
format and it is required to attach the tape list. The format 
is same as the Intel type object tape (hexadecimal tape output b 
system, PROMPT 48 Development Tool, etc.) 


(n 


Tape Format 



Leader, 50 "KULL" characters or nore 
-Coiment (Record mark is not included) • 

- Record Mark 

Record Length (2 hexadecimal digits) 


Option 


Loading Address (4 hexadecimal digits) 

"00" .... Normal Record 

Record Type (2 Digits) ..oi" .... End of File Record 
Data 


Check Sum (2 hexadecimal digits) 

Dumtn- characters (RUBODT, BLAKE) before and after "(CR)(LF)" 
orticr.al. 

***• Record Mark (Repeated belov) 


Trailer, 50 "NULL" characters or more 


(2) Example of Tape List 
TOSHIBA MICRO COMPUTER TLCS-48 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE67D31F5D8ABA6DF292F113F5C1 
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
:10003000197352F729F12F79AA9C057C5B851EED77 


1003C0005DFDB5E556A67277F61A51C631CF9F0E80 

1003D000BD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 

1003E000B53D42E0EC32546025B7308CDD52063D1D 

1003F00OB4BE9E9E345B6138O60B2OVC372BF6OBD6 

OOOOOOOIFF 


the following 
of paper tape 
7 Intel MDS 


are 
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8-BlT SINGLE-CHIP MICROCOMPUTER 


GENERAL DESCRIPTION 


The TMP8049PI-6, from here on referred to as the TMP8049, is a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technology which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 


The TMP8049 is particularly efficient as a controller. !<■ has extensive 
bit handing capability as well as facilities for both binary and BCD 
arithmetic . 


The TMP8039PI is the equivalent of a TMP8049 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easy. 


FEATURES 


. 2.5 uS Instruction Cycle 
. All instruction 1 or 2 cycles 
. Over 90 instructions; 70% single byte 
. Easy expandable memory and I/O 
. 2K X 8 masked ROM 


128 X 8 RAM 
27 I/O lines 

Interval Timer/Event Counter 
Single level interrupt 
Single 5V supply 
-40’C to +85*C Operation 


PIN CONNECTIONS (Top View) 




PlO 

''dd(+5v) 

PROG 
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BLOCK DIAGRAM 



c m 

pr p| 


a. pi 
►1 X 
ro rr 
cn n 

CO p( 
3 

C/3 D> 

ra !-> 


n 


r > 
0) a. 

pr CL 

n pi 
sr (ti 

CO 

cn CO 

pr 

p» 

O 

O’ 

n 


cn *3 

pr p| 
PC O 
O W 
<T P 
W B) 

s 


cn m 

O 0 ) 
cr 3 
n a. 


used also for input/output 
operations with the I/O 
expander. 

Note 2) The output latch of port 0 
is also used for address 
output. 
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PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VDD (Power Supply) 

+5V during operation Low power standby pin for TMP8049 RAM 

VCC (Main Power Supply) 

+5V during operation 

PROG(Output) 

Output strobe for the TMP8243P I/O expander 

P10-P17 (Input/Output) Port 1 

8-bit quasi -bidirectional port (Internal Pullup=50kQ). 

F20-P27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup=50k.n) . 

P20-P23 Contain the four high order program counter bits during an 
external program memory fetch and serve as a 4-bit I/O expander bus for 
the TMP8243P.' 

DB0-DB7 (Input/Output, 3 State) 

True bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program me mory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and VR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

T1 (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is, 
enabled. Interrupt is disabled after a reset. Also testable with 
conditional jump instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low) Used as a Write Strobe to 
External Data Memory. 
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RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and progratti memory. 


PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when -SS is low the CPU is placed into 
a wait state after it has completed the instruction being excuted . 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for extern¬ 
al source. 

XTAL 2 (Input) 

Other side of crystal input. 

FUNCTIONAL DESCRIPTION 
1 . System Configuration 

The following system functions of the TMP8049 are described in detail. 


(1) 

Program Memory 

(6) 

Stack (Stack Pointer) 

(2) 

Data Memory 

(7) 

Flag 0, Flag 1 

(3) 

I/O P ort 

(8) 

Program Status Word (PSW) 

(4) 

Timer/Counter 

(9) 

Reset 

(5) 

Interrupt Control Circuit 

(10) 

Oscillator Circuit 


(1) Program Memory 

. The maximum memory that can be directly addressed 
4096 bytes. The first 2048 bytes from location 0 
internal resident mask ROM. The rest of the 2048 
memory are external to the chip. The TMP8039 has 
memory; all memory must be external. 


by the TMP8049 is 
through 2047 can be 
bytes of addressable 
no internal resident 
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There are three locations in Program Memory of special importance. 



Memory’ Bank 1 




Memory Bank 0 


Program Memory Area 


. Location 0 

Activating the Reset line of the processor causes the first instruc¬ 
tion to be fetched from Location 0. 

. Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

. Location 7 

A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held in 
Location 7. 

. Program address 0-2047 and 2048-4095 are called memory banks 0 and 1 
respectively switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of 
an unconditional jump instruction or call instruction executed after 
using SEL MBO or SEL MBl. 

Reset operation automatically selects Bank 0. 


(2) Data Memory 

. Resident Data Memory (volatile RAM) is organized as 128 words by 8-bits 
wide . 

. The first 8 locations (0 -7) of the memory array are designated as 
working registers and are directly addressable by several 
instructions. By executing a Register Bank switch instruction (SEL 
RBI) locations 24 - 31 are designated as the working registers in 
place of 0 - 7. 
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Address 

127 


32 
31 

24 
23 

8 
7 
0 

Internal Data Mecior)’ Area 

. RAM locations 8-23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

. ALL 128 locations are indirectly addressable through either of two RAM 
Pointer Registers which reside at RO and R1 of the Register array. 

. The TMF8049 architecture allows extension of the Data Memory to 256 words. 


Data Memory 


Resister Bank 1 
_ pj. 

8 Level Stack 

(16 byte) 

Resister Bank 0 
RBO 


( 3)Input/Output Ports 

. The TMP8049 has 27 I/O lines which can be used for either input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when tested by con¬ 
ditional jump instructions. 

. Ports 1 and 2 are each 8-bits wide and have identical characteristics. 

Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

. All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line is 
continously pulled to a +5V level through a high impedance resistive device 
(50kfl ) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 
to "1" transition a low impedance device (5kQ ) is switched in momentarily 
whenever a "1" is written to line. When a "0" is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 
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. Reset initializes all lines to a high impedance ”1" state. 


50kn I/O pins 
Portl or 2 


When external data memory area is not addressed during excution of an 
internal program. Port 0 (DBO - D57) becomes a true bidirectional port 

(bus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serve as either a statically latched output port or 
a non-latched input port. However, I/O lines of this port cannot be 
intermixed . 


. As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

. As a bidirectional port the MOVX instructions are used to read and write 
the port which generate the RD and WR strobes. 

. When not being written or read, the Bus lines are in a high impedance 
state. 


(4)Timer/Event Counter 

. The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 

. Timer mode 
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(2) External input clock form T1 terminal 

(minimum cycle time 3 x ALE cycle) 

. Event Counter mode 

The counter is presettable and readable with two MOV instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is initialized 
solely by the MOVT, A instruction. The counter is stopped by a Reset or 
STOP TCNT instruction and remains stopped until started by START T 
instruction or as an event counter by a START CNT. Once started the 
counter will increment to its maximum count (FF) and overflow to Zero 
continuing its count until stopped by a STOP TCNT instruction or RESET. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a subroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with the 
conditional JUMP (JTF). The flag is reset by excuting a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 


XTAL/15 



Cleared on Start Timer 


STOP TCNTO 




STRT CNT 






Timer Overflow Flag 
Flip-Flop 


8-Bit Timer/ 
Counter 


JTF Instruction 


Timer Interrupt 
Request Flip-Jlop 


Read/Write Enable 



INT 


Timer Interrupt Enable 


Fig.2 Concept of Timer Circuit 
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(5) Interrupt Control Circuit 

. There are two distinct types of Interrupts in the TMP8049. 

(1) External Interrupt from the INT terminal 

(2) Timer Interrupt caused by timer overflow 
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The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

. An int err upt sequence is initiated by applying a low level ”0" to the INT 
pin. INT is level triggered and active low which allows "Wire Oring" of 
several interrupt sources. The interrupt level is sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine" at Loca¬ 
tion 3. As in any call to subroutine, the Program Counter and Program 
Status W'ord are saved in the stack. 

. When an overflow occurs in the internal timer/event counter an interrupt 
request is generated which is reserviced as outlined in pre vio us paragraph 
except that a jump to Location 7 is used instead of 3. If INT and times 
overflow occur simultaneously then external request INT takes precedence. 

. If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 

A "1" to "0" transition on T1 will cause an interrupt vector to Location 7. 

. The interrupt service routine pointed to be addresses in Location 3 or 7 
must reside in memory between 0 and 2047, i,e.. Bank 0. 

Figure 3 illustrates the concept of the interrupt control circuit. 

(6) Stack (stack Pointer) 

. An interrupt or Call to subroutine causes the contents of the program 

counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Words (PSW explained in section (8)). Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

. The stack pointer when initialized points to RAM location 8 and 9. The 
first subroutine jump or interrupt results in the program counter ccmtents 
being transferred to Locations 8 and 9. Then the stack pointer is incre¬ 
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

. At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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Stack RAM 

Pointer Address 

(7) Flag 0, Flag 1, (FO, FI) 

. The TMP8049 has two flags FO and FI which are used for conditional jump. 
These flags can be set, reset and tested with the conditional jump 
instruction JFO. 

. FO is a part of the program status word (PSW) and is saved in the stack 
area when a subroutine is called. 


(8) Program Status Word (PSW) 

. An 8-bit status word which can be loaded to and from the accumlator exists 
called the Program Status Word (PSW). The PSW is read by a MOV A, PSW and 
written to by a MOV PSW, A. The information available in the PSW is shown 
in the diagram below. 


MCU48-147 






TOSHIBA 


TMP8049PI-6,TMP8039PI-6 


Stack Pointer 

_ i _ 

| C I AC IFO IBS |1 |S2 I SI |SO | 

MSB I II I LSB 

I_ll_l 

Saved in stack area Spare ("1" during Read) 
at the time of Sub¬ 
routine Call . 


Bits 0 - 2 ; Stack Pointer BitsCSO, SI, S2) 

Bit 3 : Not used ("1" level when read.) 

Bit 4 : V?orking Register Bank Switch Bit 

(BS) 

0 = Bank 0 
1 = Bank 1 

Bit 5 : Flag 0 (FO) 

Bit 6 : Auxiliary Carry (AC) carry bit generated by an ADD 

instruction and used by the decimal adjust instruction 
da, A (AC) 

Bit 7 : Carry (C) flag which indicates that the previous 

operation has resulted in the accumulator. 

(C) 


(9) Reset 

. The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup register which in 
combination with an external lyF capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized. 
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If the pulse is generated externally the reset pin must be held at ground 
(<0.5V)for at least 50mS after the power supply is within tolerance. 


. Reset 

performs 

the following 

i functions within the chip: 

(i) 

Sets PC 

to Zero. 



(ii) 

Sets Sta 

ck Pointer to 

Zero. 


(iii) 

Selects- 

Register Bank 

0 . 


(iv) 

Selects 

Memory Bank 0. 



(v) 

Sets BUS 

(DBO"^ - DB 7) 

to high 

impedance state. (Except when EA = 5V) 

(vi) 

Sets Por 

ts 1 and 2 to 

input mode. 

(vii) 

Disables 

interrupts (timer and 

external). 

(viii) 

Stops Timer. 



(ix) 

Clears T 

imer Flag. 



(x) 

Clears FO and F1 , 



(xi) 

Disables 

clock output 

from TO. 


(10) Os 

cillator 

Circuit 




. TMP8049 can. be operated by the external clock input in addition to 
crystal oscillator as shown below. 



2. Basic Operation and Timing 


+5V 



XTAL 1 


XTAL 2 


The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP82A3P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 
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(1) Instruction Cycle 

. The instructions of TMP8049 are executed in one or two machine cycles, 
and one machine cycle contents of five states. 

. Fig.4 illustrates its relationship with the clock input to CPU. 

. 6l clock shown in Fig.4 is derived to outside by ENTO CLK instruction. 

. ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 


(2) External Memory Access Timing 
(i) Program Memory Access 

. TMP8049 programs are excuted in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 

automatically when the internal RCK^ address is exceeded in mode (2) 

and from initial start address 0 in mode (3). 

. In the external program memory access operation, the following will occur 

. The contents of the 12-bit program counter will be output on BUS(DBO - 
DB7) and the lower 4-bits of Port 2. 

. Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address 
externally . 

. Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

. BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

. Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

. In the extended data memory access operation during READ/WRITE cycle the 

following occurs 

. The contents of RO R1 is output onto BUS (DBO - DB7). 

. ALE indciates address is valid. The trailing edge of ALE is used to 
latch t|^ address externally. 

. A read RD or write WR pulse on the corresponding output pins indicates 
the type of ^ta memory access in progress. Output data valid at trail- 
ing edge of WR and input data must be valid at trailing edge of RD. 

. Data (8-bits) is transferred over BUS. 


MCU48-150 












TOSHIBA_ TMP80A9PI-6,TMP8039PI-6 


Program Address Data Address Program Address 



Suggest we have diagrams 



Fig. 6 Timing of Accessing External Data Memory 
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. Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 


(3) Interface with I/O Expander (TMP8243P) 

. The TMP8049 I/O can be easily expanded using the TMP8243 I/O Expander. 

THis device uses only the lower half 4“bits of Port 2 for commuication 
with the TMP8049. The 11^8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer consists 
of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits of data. 


+12V 
EA OV 




RESET 0V_ 
ALE 


-/A- 




DE0-DB7 Internal 

ROM Address 



Output of Internal 
ROM Data 



Input of Internal 
ROM Address 


P20, P21 


Fig .7 


Input of Internal ROM Address 


Timing of Reading Internal 


I 


Input of Internal 
ROM Address 


Program Memory 


5V 



Fig.8 (a) Single Step Circuit 
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Reading of Internal Program Memory 

. The process or is placed in the READ mode by applying +12V to the EA pin and 
OV to the RESET pin. The address of the location to be read is then 
applied to BUS and the lo w orde r 2-bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

. Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

. A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

. A D-type flip flop with set and reset is used to generate SS. In the run 

mode SS is held high by keeping the flip flop set. To enter single step, 

set is removed allowing ALE to bring SS low via reset input. The next 
instruction is started by clocking a "1” into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
the processor begins an instruction fetch which brings ALE low resetting 
FF and causing the processor to again enter the stopped state. 

. The timing diagram in this case is as shown in Figure 8 (b). (EA = 5V). 


(6) Lower Power Stand-by Mode. 

. The Lower TMP8049 has been organized to allow power to be removed from all 
but the volatile, 128 x 8 data RAM array. In power down mode the contents 
of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

. VCC serves as the 5V supply for the bulk of the TMP8049 while the VDD 

supplies only the RAM array. In standby mode VCC is reduced to OV but VDD 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from VCC. 


ALE 

■\ ! -i 

1 

1 For two 

Instruction Input 

instruction 

DBO - DB7 Address (PC) 

^ 'y • —^ Address (PC+1) 



P20-P23 Address (PC) X X Address (PC+1) 

Port 20- 23 
Data 

Fig.8(b) Single Step Operation Timing 
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INSTRUCTION 

ACCUMULATOR INSTRUCTION 


1 Mnemonic 

1 Instruction Code I 

m 

nmHii 

BBil 

|D7|D6l 

D51 

D4! 

D3iD2|DllDO| 

1mm 

cl ACl 

IaDD A,Rr 

1 01 

11 

1 1 

01 

1 1 

r| r| r|(A)<-(A)+(Rr) 

1 1 

1 1 1 

o 1 0 1 


1 1 





1 1 1 r = 0 - 7 

1 

1 1 

1 1 

IADD A,@Rr 

1 ol 

11 

1 1 

Ol 

01 

ol Ol r1(A)<-(A) + ( (Rr)) 

1 1 

1 1 1 

o 1 0 1 


1 1 





1 1 1 r = 0, 1 

1 

1 1 

1 1 

ADD A,#Data 

1 01 

ol 

Ol 

Ol 

Ol 

Ol 11 ll(A)<-(A)+Data 

1 2 

1 2 1 

o 1 0 1 


ld7i 

d6l 

d5l 

d4l 

d3| 

d2|dl|dO! 

1 

1 1 

1 1 

lADDC A,Rr 

1 Ol 

1 1 

1 1 

1 1 

1 1 

ri rl r1(A)<-(A)+(Rr)+(C) 

1 1 

1 1 1 

o 1 0 1 


1 1 





1 1 1 r = 0 - 7 

1 

1 1 

1 1 

1 ADDC A,(°Rr 

1 01 

1 1 

1 1 

1 1 

01 

Ol Ol rl(A)<-(A)+((Rr))+ 

1 1 

1 1 1 

o 1 0 1 

1 1 





1 1 1(0 

1 

1 1 

1 1 


1 1 





1 1 1 r = 0, 1 

1 

1 1 

1 1 

IADDC A,#Data 

1 01 

0 1 

0 1 

11 

Ol 

Ol ll ll(A)<-(A)+Data+(C) 

1 2 

1 2 1 

o 1 o 1 


id7i 

d6 1 

d5 j 

d4! 

d3l 

d 2 |dlIdol 

1 

1 1 

1 1 

lANL A,Rr 

1 01 

11 

Ol 

1 1 

1 1 

rl r| r|(A)<-(A) and (Rr) 

1 1 

1 1 1 

- 1 - 1 


i 1 





1 1 1 r = 0 - 7 

1 

1 1 

1 1 

lANL A,(?Rr 

1 01 

1 1 

01 

1 1 

o! 

Ol Ol r!(A)<-(A)and ((Rr)) 

1 1 

1 1 1 

-1 -1 


1 1 





1 1 1 r = 0, 1 

1 

1 1 

1 1 

1ANL A,#Data 

1 01 

1 1 

Ol 

11 

Ol 

Ol 1| 11(A)<-(A) and Data 

1 2 

1 2 1 

-1 -1 


ld7l 

d6| 

d5l 

dAl 

d3l 

d2ldlldO| 

1 

1 1 


lORL A,Rr 

i ol 

1 1 

Ol 

Ol 

1 1 

rj rl r|(A)<-(A) or (Rr) 

1 1 

1 1 1 

-1 -1 


1 1 





1 1 ! r = 0 - 7 

1 

1 1 

1 1 

lORL A.gRr 

1 01 

11 

Ol 

Ol 

Ol 

Ol Ol ri(A)<-(A) or ((Rr)) 

1 1 

1 1 1 



1 1 





1 I 1 r = 0, 1 

1 

1 1 

1 1 

lORL A,#Data 

1 01 

ll 

Ol 

Ol 

Ol 

Ol ll 1|(A)<-(A) or Data 

1 2 

I 2 1 

-1 -1 


Id7|d6! 

d5l 

d4l 

d3l 

d2|dl|dO| 

1 

1 1 

1 1 

IXRL A, Rr 

1 11 

11 

Ol 

11 

11 

rl r1 rl(A)<-(A) EOR (Rr) 

1 1 

1 1 1 

- 1 - 1 


1 1 

1 




1 1 1 r = 0 - 7 

1 

1 1 

1 1 

IXRL A,(aRr 

1 11 

1 1 

Ol 

11 

Ol 

Ol Ol rl(A)<-(A) EOR((Rr)) 

1 1 

1 1 1 

-1 -1 


1 1 

1 




1 1 1 r = 0, 1 

1 

1 1 

1 1 

IXRL A,#Data 

1 11 

1 1 

ol 

1 1 

Ol 

Ol ll ll(A)<-(A) EOR Data 

1 2 

1 2 1 

- 1 - 1 


id7ld6| 

d5| 

d4l 

d3| 

d2idlIdOl 

1 

1 1 

1 1 

liNC A 

1 01 

Ol 

Ol 

1 1 

Ol 

ll ll 1|(A)<-(A)+1 

1 1 

1 1 1 

-1 -1 

IDEC A 

1 Ol 

01 

Ol 

Ol 

Ol 

ll ll 1|(A)<-(A)-1 

1 1 

1 1 1 

-1 -1 

ICLR A 

1 o| 

ol 

1 1 

Ol 

Ol 

ll ll l|(A)<-0 

1 1 

1 1 1 

-1 -1 

ICPL A 

1 Ol 

ol 

1 1 

11 

ol 

ll ll ll (aX-not (a) 

1 1 

1 1 1 

-1 -1 

Ida a 

1 01 

11 

Ol 

1 1 

ol 

1| 1| llDecimal Adjust 

1 1 

1 1 1 

0 1 -I 


1 1 





1 1 1 Accumulator 

1 

1 1 

1 1 

isWAP A 

1 Ol 

11 

Ol 

Ol 

ol 

ll ll ll(A4-7)->(A0-3) 

1 1 

1 1 1 

- 1 - 1 


1 1 

1 1 





III <- 

1 1 1 

1 

1 

1 1 

1 1 

1 1 

1 1 
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Mnemonic 


Instruction Code 


D7 |D6|D5|DA|D3iD2|DlI do 


Operation 


RL A 

1 1 1 

1 1 

1 1 

01 

01 

1 1 

1 1 

1 1(An+l)<-(An) 

1 

1 

1 

1 

1 

-1 - 


1 1 

1 

1 

1 

1 

1 

i 

1 n = 0-6 

1 


1 


1 

1 


1 1 

1 

1 

1 

1 

1 

1 

1 (A0)<-(A7) 

1 


1 


1 

1 

RLC A 

1 1! 

1 1 

1 1 

11 

01 

1 1 

11 

11 (An+l)<-(An) 

1 

1 

1 

1 

1 

-1 - 


1 1 

1 

1 

1 

1 

1 

! 

1 n = 0-6 

1 


1 


1 

1 


1 1 

1 

1 

1 


1 

1 

1(C)<-(A7) 

1 


1 


1 

1 


i 1 

1 

1 

1 

1 

! 

1 

1(A0)<-(C) 

1 


1 


1 

1 

RR A 

1 01 

1 1 

1 1 

1 1 

01 

1 1 

11 

11(An)<-(An+l) 

1 

1 

1 

1 

1 

-1 - 


1 1 

1 

1 

1 

1 

1 

1 

1 n = 0-6 

1 


1 


1 

1 


1 1 

1 

1 

1 

1 

1 

1 

1(A7)<-(A0) 

1 


1 


1 

1 

RRC A 

1 o| 

1 1 

1 1 

o! 

01 

1 1 

11 

1 1 (An)<-(An+l) 

i 

1 

1 

1 

1 

-1 - 


1 1 

1 

I 

1 

1 

1 

1 

i n = 0-6 

1 


1 


1 

1 


1 1 

1 

1 

1 

1 

1 

1 

1 (C)<-(A0) 

1 


1 


1 

1 


1 1 

1 

1 

1 

1 

1 

1 

1(A7)<-(C) 

1 


1 


1 

1 


Bytes 


Cy c 1 e s 


Flag 


C AC 


I nput/Output Instruction 


I Mnemonic 

1 Instruction Code 



j Operation 


Bytes 

1 Cycles r 

_Fla2l 

iD7lD6i 

D5|D4| 

D3 !D2 1 

D1 

Ido 


C! AC| 

llN A,Pp 

1 01 ol 

1 1 1 

Ol 01 

1 1 

ll Ol 

1 1 

P 

I P 

1 (A)<-(Pp) 

1 P = 1. 2 


1 1 

1 2 1 

1 1 

1 1 

lOUTL Pp,A 

1 Ol 01 

1 1 1 

ll ll 

1 1 

ll Ol 

1 1 

P 

1 P 

1 (Pp)<-(A) 
t P = 1, 2 


1 1 

1 2 1 

1 1 

1 1 

I ANL Pp,#Data 

1 11 Ol 

Ol ll 

li Ol 

P 

1 P 

1 (Pp)<-(Pp) and Data 

1 2 

1 2 1 

-1 -1 


id7|d6l 

d5|d4| 

d3|d2| 

dl 

IdO 

1 P = 1, 2 



1 1 

1 1 

1 ORL Pp,#Data 

i li Ol 

Ol Ol 

ll Ol 

P 

1 P 

1 (Pp)<-(Pp)or 

Data 

1 2 

1 2 1 

“1 “1 


|d7|d6l 

d5|d4| 

d3ld2l 

dl 

idO 

1 P = 1,2 



1 I 

1 1 

llNS A,BUS 

1 oi 0! 

Ol Ol 

ll Ol 

Ol 0 

1 (A)<-(BUS) 


1 1 

1 2 1 

-1 -1 

ioUTL BUS,A 

1 01 Ol 

Ol Ol 

Ol Ol 

1 

i 0 

1 (BUS)<-(A) 


1 1 

1 2 1 

- 1 -1 

lANL BUS,#Data 

1 11 01 

Ol ll 

ll Ol 

0 

1 0 

1 (BUS)<-(BUS) 

and 

1 2 

1 2 1 

-1 -1 


Id7|d6| 

d5|d4i 

d3|d2l 

dl 

IdO 

1 Data 



1 1 

1 1 

lORL BUS,#Data 

i ll Ol 

Ol Ol 

ll Ol 

0 

1 0 

1 (BUS)<-(BUS) 

or 

1 2 

1 2 1 

-1 -1 


|d7|d6l 

d5|d4| 

d3|d2| 

dl 

IdO 

1 Data 



1 1 

1 1 

IMOVD A,Pp 

1 Ol Ol 

1 1 1 

1 1 1 

Ol Ol 

1 1 

1 1 

ll ll 

1 1 

1 1 

P 

1 P 

1 (A0-3)<-(Pp) 

1 (A4-7)<-0 
t P = 4 - 7 


1 1 

1 2 1 

1 1 

1 1 

1 1 

1 i 

IMOVD Pp,A 

1 Ol Ol 

1 1 1 

ll ll 

ll ll 

1 1 

P 

1 P 

1 (Pp)<-(A0-3) 

I P = 4 - 7 


1 1 

1 2 1 

1 1 

1 1 

lANLD Pp,A 

1 ll Ol 

1 1 1 

1 1 1 

Ol ll 

1 1 

1 1 

ll ll 

1 1 

1 1 

P 

1 P 

1 (Pp)<-(Pp)and 

1 (AO-3) 

1 P = 4 - 7 

1 1 

1 2 1 

1 i 

1 1 

1 1 

1 1 

ioRLD Pp,A 

1 ll ol 

1 1 1 

Ol Ol 

1 1 

ll ll 

1 1 

P 

1 P 

1 (Pp)<-(Pp) or 

1 P = 4 - 7 

(AO-3) 

1 1 

1 2 1 

1 1 

1 1 
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Register Instruction 


1 Mnemonic 

1 Instruction Code 


1 

Operation 

Bytes 

Cycles 

1 

FlagI 

|D7tD6!D5l 

D4|D3|D2!D1iDOl 

1 

Cl AC| 

1 INC Rr 

1 01 01 

0| 

11 ll r| 

r 1 

rl 

(Rr)<--(Rr)+l 

1 

1 1 

1 



1 1 1 

1 

1 1 1 

i 

1 

r = 0-7 


1 

1 

1 1 

1 INC (SRr 

1 0| 01 

01 

ll 01 0! 

o| 

r! 

((Rr))<-((Rr))+l 

1 

1 1 

1 

- -1 


1 1 1 

1 

1 1 1 

1 

1 

r = 0,1 


1 

1 

I- 1 

1 DEC Rr 

1 11 11 

01 

0| 11 rl 

r 1 

rl 

(RrX —(Rr)-l 

1 

1 1 

1 

- 1 - 1 


1 1 1 

1 

1 i 1 

1 

1 

r = 0-7 


1 

1 

1 1 


Branch Instruction 


1 Mnemonic 

1 

Instruction Code i Operation 1 

Bytes 1 

Cycles 

1 

Flae 1 

1 D7 

|D6lD5iD4lD3|D2iDliDOl I 

1 

Cl AC| 

iJM? Address 

lalO 

1 a9 

a8 

1 01 

01 11 0| 01 (PC0-7)< —(aO-7) | 

2 1 

2 

1 

— ' — 1 


1 a7 

1 a6 1 

a5 

I aA 1 

a3|a2|allaOl(PC8-l0)<--(a8-10)| 



1 

1 1 


1 




1 1 1 KPCllX—DBF i 



1 

1 1 

IJMPP (?A 

1 1 

1 ol 

1 

1 ll 

Ol 0! ll ll (PC0-7X—((A)) 1 

1 1 

2 

1 

- 1 -1 

IDJNZ Rr, 

1 1 

1 1 1 

1 

1 Ol 

11 r 1 rl r 1 (Rr)<—(Rr)-l | 

2 1 

2 

1 

-1 -1 

1 Address 

i 8.1 

1 a6 1 

a5 

1 aA I 

a31a2ial1aO1 if Rr not 0 1 



1 

1 1 


1 




1 1 1 1 (PC0-7)<~(a0-7) 1 



1 

1 1 

IJC Address 

1 1 

1 li 

1 

1 1 1 

Ol ll ll 01 (PC0-7)<—(aO-7) | 

2 1 

2 

1 

-1 -1 


1 




1 1 1 lif C = 1 1 



1 

1 1 


1 8l 

1 a6 1 

a5 

1 aA 1 

a3|a2|al |a0| (PC) = (PC) + 2 | 



1 

1 1 


1 




1 1 1 lif C = 0 1 



1 

1 1 

jjNC Address 

1 1 

1 ll 

1 

1 Ol 

01 ll l! 0!(PC0-7)<-(a0-7) | 

2 1 

2 

1 

-1 -1 


1 8l 

1 a6 i 

a5 

1 aA 1 

a3|a2|al|a0|if C = 0 1 



1 

1 1 


i 




1 1 1 1 (PC)<--(PC)+2 1 



1 

1 1 


1 




1 1 1 lif C = 1 i 



1 

1 1 

IJZ Address 

! 1 

1 ll 

0 

1 Ol 

Ol ll ll Ol (PC0-7)<—(aO-7) | 

2 1 

2 

1 

- 1 - i 


i a7 

1 a6 1 

a5 

1 aA 1 

a31a21al1aO1 if (A) = 0 1 



1 

1 1 


I 




i 1 1 |(PC)<—(PC) + 2 1 



1 

1 1 


1 




1 1 1 lif (A) .NEQ.O 1 



1 

1 1 

|JNZ Address 

1 1 

1 ol 

0 

1 ll 

Ol ll ll 01 (PC0-7)<—(aO-7) | 

2 1 

2 

1 

-1 -1 


1 a7 

1 a6 1 

a5 

1 aA 1 

a3la2|al|a0|if (A) .NEQ.O 1 



1 

1 1 


1 




1 1 1 |(PC)<—(PC) + 2 1 



1 

1 1 


i 




1 1 1 lif (A) = 0 1 



1 

1 1 

|jTO Address 

1 0 

1 Ol 

1 

1 1 1 

Ol ll ll Ol (PC0-7)<—(aO-7) 1 

2 1 

2 

1 

-1 -1 


1 a7 

1 a6 1 

a5 

1 aA 1 

a3la2|al|a0|if TO = 1 1 



1 

1 1 


1 




1 1 1 |(PC)<—(PC) + 2 1 



1 

1 1 


1 




1 1 1 lif TO = 0 1 



1 

1 1 

IjNTO Address 

1 0 

1 Ol 

1 

1 Ol 

Ol ll ll Ol (PC0-7)<—(aO-7) | 

2 1 

2 

1 

“1 -1 


1 a7 

1 a6 1 

a5 

1 aA 1 

a3|a2lal|a0|if TO = 0 1 



1 

1 1 


1 




1 1 1 |(PC)<—(PC)+2 1 



1 

1 1 


1 




1 1 1 lif TO = 1 1 



1 

1 1 

|JT1 Address 

1 0 

1 ll 

0 

1 ll 

Ol ll ll Ol (PC0-7)<—(aO-7) | 

2 1 

2 

1 

-1 -1 


1 a7 

1 a6 1 

a5 

1 aA 1 

a3|a2|al|a0|if T1 = 1 | 



1 

1 1 


1 




1 1 i |(PCX—(PC)+2 1 



1 

1 1 


1 




1 1 1 lif T1 = 0 1 



1 

1 1 

IjNTI Address 

1 0 

1 ll 

0 

1 Ol 

01 ll ll Ol (PC0-7)<—(aO-7) I 

2 1 

2 

1 

-1 -1 


1 a7 

1 a6 1 

a5 

1 aA 1 

a3|a2!alla0|if T1 = 0 1 



1 

1 1 


1 




1 1 1 |(PCX—(PC)+2 1 



1 

1 1 






1 1 1 lif T1 = 1 1 



1 

1 1 
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Mnemonic 


JFO Address 


JFl Address 


JTF Address 


JNI Address 


JBb Address 


CALL Address 


Instruction Code 


D7 1D6 


D5lD4 


01 (PC0-7)<—(aO-7) 
aO!if FO = 1 
1 (PC)<--(PC)+2 
lif FO = 0 
01 (PC0-7)<—(aO-7) 
aOlif FI = 1 
t (PCX—(PC) + 2 
iif FI = 0 
0| (PC0-7)<—(aO-7) 
aOlif TF = 1 
I (PCX—(PC) + 2 
1 if TF = 0 
Oi (PC0-7X—(aO-7) 
aOiif INT = 0 
1 (PCX—(PC) + 2 
lif IKT = 1 
Oi (PC0-7X—(aO-7) 
aOlif Bb = 1 

I (PCX-(PC)+2 
lif Bb = 0 
. I(b = 0 - 7) 

01 ((SP)X— 
aOl (PC),(PSW4-7) 

I (SPX—(SP) + 1 
1 (PC8-10)<—(a8-10) 
I (PC0-7X —(aO-7) 

I (pen X—DBF 
11 (SPX—(SP)-l 
I (PCX—((SP)) 

11 (SPX—(SP)-l 
I (PCX—((SP)) 

I (PSK4-7)<—((SP)) 



Flag Manipulation Instruction 


Instruction Code 


D6iD5lD4lD3lD2IDIiDOl 


Operation 


iBytes ICyclesI Fla 
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Data Transfer Instruction 


Mnemonic | 

Instruction Code 

1 Operation 1 

Bytes 

1 Cycles 1 

FlagI 

1 

D7|D6i 

D5iDAl 

D3|D2|D1|D0| 1 



Cl ACl 

MOV A, Rr 1 

1 

11 1 1 

1 1 

ll 1! 

1 1 

1 1 r 1 

1 1 

r 1 r 1 (A)<— (Rr) I 

1 1 r = 0 - 7 1 

1 

1 1 1 
! 1 

— 1 » 1 

MOV A, @Rr 1 

1 

1 1 1 1 

1 1 

ll ll 

1 1 

Ol Oi 

1 1 

01 r!(A)<— ((Rr)) I 

1 1 r = 0, 1 1 

1 

1 1 1 

1 1 

1 1 

MOV A, ^^Datai 

1 

0| 0| 
d7id6l 

no! 

d5!d4| 

Ol 01 
d3|d2| 

1i 11(A)<—Da ta 1 

dlldOl 1 

2 

I 2 i 

1 1 

1 1 

MOV Rr, A 1 

1 

11 01 

1 1 

1 1 01 

1 1 

1 1 r 1 

1 1 

rl r|(Rr)<-(A) 1 

1 1 r = 0 - 7 1 

1 

1 1 1 

1 1 

1 1 

M0V(3Rr,A 1 

1 

1 i ol 

1 1 

11 0 ! 

1 1 

Ol Ol 

1 1 

01 r 1 ((Rr))<-(A) I 

1 1 r = 0, 1 1 

1 

1 1 1 

1 I 

1 1 

MOV Rr,#Datal 

1 

1 1 0 1 
d71d6| 

11 11 
d5|d4| 

1 1 r I 
d3Id2l 

r 1 r I (Rr)<—Data 1 

dlldOl r = 0 - 7 1 

2 

1 2 1 

1 1 

— 1 — 1 

1 1 

MOV(3Rr ,#Data i 

1 

11 0! 
a7 1 a61 

11 ll 

a51a41 

Ol 01 Ol r| ((Rr))<—Data | 

a3!a2lal|a0| r = 0, 1 1 

2 

1 2 1 

1 1 

1 1 

MOV A,PSW i 

11 11 

Ol Ol 

Oi ll 

ll ll(A)<— (PSW) 1 

1 

1 1 1 

- 1 - 1 

MOV PSW, A 1 

11 11 

Ol ll 

Ol ll 

ll IKPSWX—(A) 1 

1 

1 1 1 

-1 -1 

XCH A, Rr 1 

1 

1 

01 oi 

1 1 

1 1 

n ol 

1 1 

1 1 

n rl 

1 1 

1 1 

rl rl(A)—XRr) 1 

! 1 <-- 1 

1 1 r = 0 - 7 1 

1 

1 1 1 

1 1 

1 1 

1 1 

1 1 

XCH A,@Rr 1 

1 

1 

o| ol 

1 1 

1 1 

ll ol 

1 I 

1 1 

Ol Ol 

1 1 

1 1 

Ol rl(A)—>((Rr)) I 

i 1 <— 1 

! i r = 0, 1 1 

1 

1 1 1 

1 1 

1 1 

1 1 

1 1 

XCHD A,(3Rr I 

1 

1 

ol oi 

1 1 

1 1 

1 1 11 

1 1 

1 1 

01 ol 

I 1 

I 1 

Ol rl (AO-3)-->((RrO-3))1 

1 1 <— I 

i 1 r = 0, 1 1 

1 

1 1 1 

1 1 

1 1 

.1 * 1 

1 1 

1 1 

MOVX A,@Rr | 

1 

il ol 

1 1 

ol ol 

1 1 

ol ol 

1 1 

Oi r|(A)<—((Rr)) 1 

1 1 r = 0, 1 1 

1 

1 2 1 

1 1 

1 1 

MOVX (aRr,A 1 

1| ol 

1 1 

ol ll 

1 I 

ol Ol 

1 1 

Ol r1((Rr))<--(A) 1 

1 1 r = 0, 1 1 

1 

1 2 1 

1 1 

1 1 

MOVP A, (2A 1 

1 

ll 01 

1 I 

1 1 ol 

1 1 

ol Ol 

1 1 

ll ll (PC0-7)<—(A) I 

1 |(A)<—((PC)) 1 

1 

1 2 1 

1 1 

1 1 

MOVP3 A,@A 1 

1 

1 

ll ll 

1 1 

1 1 

ll oi 

1 1 

1 1 

ol ol 

1 1 

1 1 

ll ll (PC0-7)<—(A) 1 

1 1 (PC8-11)<—0011 1 

I |(A)<—((PC)) 1 

1 

1 2 1 

1 1 

1 1 

1 1 

1 1 
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Timer/Counter Instruction 


1 Mnemonic 

1 Instruction Code 

1 

1 By tes 

1 Cycles 

1 FlagI 


1 D7|D6lD5iD4| 

D31D2 

IDI 

iDOl 

1 

1 

1 ClACl 

iMOV A,T 

1 0| 11 01 01 

01 0 

1 1 

1 0l(A)<--(T) 

1 1 

1 1 

1-1-1 

IMOV T,A 

1 0! 1| 1| 01 

01 0 

1 1 

1 01(T)<—(A) 

1 1 

1 1 

1 - 1 - 1 

1 STRT T 

1 0| 1| 01 11 

01 1 

1 0 

1 1 i Counting is 

1 1 

1 1 

1 - 1 -1 


11111 

1 


1 1 started in the 

1 

1 

1 1 1 


1 1 1 1 1 

1 


1 !timer mode 

1 

1 

1 1 1 

1 STRT a>T 

1 01 11 01 01 

1 1 1 1 1 

01 1 

1 

1 0 

1 11 Counting is 

1 1 started in the 

1 1 

1 

1 1 

1 

i 1 1 


11111 

1 


1 1 event counter 

1 1 

1 1 

1 -1 -1 


11111 

1 


1 Imode 

1 

1 

1 1 1 

ISTOP TCNT 

1 01 ll ll 01 

11111 

01 1 

1 

1 0 

1 11 Stop both time 

1 1accumulation and 

1 1 

1 

1 1 

1 

1 1 1 


11111 

1 


1 1 event counting 

1 

1 

1 1 1 

lEN TCNTl 

1 01 ol ll 01 
11111 

01 1 

1 

1 0 

1 llTimer interrupt 

1 lis enabled 

1 1 

1 

1 1 

1 

1 1 1 

IDIS TCNTl 

1 01 01 ll 11 

01 1 

1 0 

1 liTimer interrupt 
lis disabled 

1 1 

1 

1 1 

1 

1 1 1 


Control Instruction 
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TMP8049PI/8039PI : INDUSTRIAL SPECIFICATION 


ABSOLUTE M.4XIMUM RATTINGS 


SYMBOL I ITEM 


VDD jVDD Supply Voltage (with respect to GND (VSS)) 


VCC jVCC Supply Voltage (with respect to GND (VSS)) 


VINA !Input Voltage (Except EA) 


1 VINB !Input Voltage (Only EA) 


PD I 


ITSOLDER ;Soldering Temperature (Soldering Time 10 sec. 


e Temperature 


TOPR lOperating Temperature 


RATTING 


-0.5V to + 7V 


1-0.5V to + 7V 


-0.5V to + 7V 


-0.5V to + 13V 


1 .5W 


260-C 


|-55’C to 150 C 


DC CHARACTE RISTICS _ 

| TA=-40‘C to 85 'c l , VCC=\T)D=+5V±10%, VSS=0V, Unless Otherwise Noted. 


TEST CONDITIONS |MIN. i TYP. I MAX. i UNIT! 


-0.51 - 0.7i V 


SYMBOL 

! PARAMETER 

VIL 

linput Low Voltage 
(Except XTALl , XTAL2,RESET) 

VILl 

lInput Low Voltage 

1 (XTALl,XTAL2,RESET) 


Input High Voltage _ 

(Except XTALl.XTAL2,RESET) 


i Input High Vo ltage 
(XTALl,XTAL2,RESET) 



lOL * 1.6 mA 


-0.51 - 

I 


2.2 


3.81 - I VCCI V 


0.451 V 



(Output Low Voltage 

lOL = 1.6 mA 

|(RD, WR, PSEN, ALE) 


(Output Low Voltage (PROG) 

lOL = 0.8 iilA 


Output Low Voltage 
(For other output pins) 


lOL = 1.2 mA 


Output High Voltage (BUS) 

! lOH =-280yA 

Output High Voltage 

( lOH =-80uA 

(RD, WR, PSEN, ALE) 

I 
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AC CHARACTE RISTICS _ 

| TA=-40‘C to 85“C l. VCC=VDD=+5V±10%, VSS=0V, Unless Otherwise Noted. 


1 SYMBOL 

1 PARAMETER iTEST CONDITIONS iMIN.i 

raiai 

IMAX.1 

UNITl 

1 tLL 

lALE Pulse Width 1 

1 2001 

- 

1 - 1 

ns 1 

1 tAL 

lAddress Setup Time (ALE) 1 

1 120! 

- 

1 - 1 

ns 1 

1 tLA 

lAddress Hold time (ALE) 1 

I 80i 

- 

1 - 1 

ns 1 

i tCC 

1 1 

IContro-1 Pulse Width (PSEN ,RD ,WR) ! 

1 1 

1 400! 


1 I 

ns 1 

1 tDW 

iData Setup Time (WR) | 

1 1 

1 4201 


1 ** 1 

ns 1 

1 tWD 

1 _ 1 
iData Hold Time (WR) ! 

1 801 


1 — 1 

ns 1 

i tCY 

i Cvcle Time 1 

1 2.5i 

- 

115.01 

Us 1 

1 tDR 

1 III 

|Data Hold Time (PSEN,RD) | CL = 20 pF | 0| 


1 2001 

ns 1 

1 tRD 

1 1 
iData Input Read Time (PSEN, RD)| 

1 1 


1 4001 

ns 1 

1 tAV 

1 _ 1 

lAddress Setup Time (WR) | 

1 1 

1 230 1 

. 

■ 

ns 1 

1 tAD 

lAddress Setup Time (Data Input)| 

1 - 1 

- 

1 6001 

ns 1 

1 tAFC 

1 1 
lAddress Float Time (RD, PSEN) | 

1 1 

1 -40 1 


1 — 

ns 1 

1 tCA 

1 Internal between Control Pulse 1 

1 101 


1 - 

ns I 


land ALE 1 

1 1 

■ 



1 tc? 

iPort Control Setup Time (PROG) I 

1 1151 

- 

1 - 

ns 1 

itPC 

iPort Control Hold Time (PROG) | 

i 651 

- 

1 - 

ns 1 

1 tPR 

iPort 2 Input Data Set Time 1 

1 - 1 

- 

1 860 

ns 1 


l(PROG) 1 

1 1 




1 tDP 

!Output Data Setup Time (PROG) | 

1 2301 

- 

1 

ns 1 

1 tPD 

1 Output Data Hold Time (PROG) | 

1 25 1 

- 

1 

ns 1 

1 tPF 

iPort 2 Input Data Hold Time I 

1 oi 


1 160 

ns 1 


1 (PROG) 1 

1 1 

■1 



1 tPP 

IPROG Pulse Width I 

1 9201 

- 

1 

ns 1 

1 tPL 

iPort 2 I/O Data Setup Time I 

1 3001 

- 

i 

ns 1 

1 tLP 

iPort 2 I/O Data Hold Time 1 

1 1201 

- 

1 - 

ns 1 


Note :tCY=2.5us, Control Output;CL=80pF, BUS Output: 
CL=80pF. 


CL=150pF, PORT20-23: 
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^DW I .^WD 

Data 


Address' 
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2) PI, P2:Ioh -Vqh 



VdD=VcC=5V 

TA=25'C 


'^OH (V) 
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PROGRAM TAPE FORMAT 

TMP8049 programs are delivered in the form of paper tape with the following 
format and it is required to attach the tape list. The format of paper tape 
is same as the Intel type object tape (hexadecimal tape output by Intel MDS 
system, PROMPT 48 Development Tool, etc.) 


( 1 ) 



50 "KULL ' characters or more 


Ccmments 


(r-fO 

n n 

1 









- < 



Tcr) 

riTi 


r ^ 

(CR) 

_qr) 



- CoTnment (Record itark is not included) ■ 

-'Record Mark 

Record Length (2 hexadecimal digits) 


Option 


Loading Address (4 hexadecimal digits) 

"00" .... Kormal Record 
R.cord n-p. (2 Digits) ..q,.. 

Data 


Check Sum (2 hexadecimal digits) 

Dummy characters (RUBOirr, SLANT) before and after "(CR)(LF)" are 
optional. 

Record Mark (Repeated belov) 


Trailer, 50 "NULL" characters or more 


(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-48 

:100000000665C7D79CF50F3F951FED55A8FF16E570 

:1000I00088884DDE67D31F5D8ABA6DF292F113F5C1 

:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 

:10003000197352F729F12F79AA9C057C5B851EED77 


1003C0005DFDB5E556A67277F61A51C631CF9F0E80 

1003D000BD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 

1003E000B53D42E0EC32546025B7308CDD52063D1D 

1003F000B4BE9E9E345B6138060B20VC372BF60BD6 

OOOOOOOIFF 
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OUTLINE DRAWING 


Unit in nim 


4 0 2 1 




Note: 1. This dimension is measured at the center of bending point of leads. 
2. Each lead pitch is 2.54inm, and all the leads are located within 
±0.25mm from their theoritical positions with respect to No.l and 
No.40 leads . 
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INPUT/OUTPUT EXPANDER 
GENERAL DESCRIPTION 

The TMP82A3P is an input/output expander designed specifically ro provide a low 
cost means of I/O expansion for the TLCS-84 family. 

The 1/0 ports of the TMP8243P serve as a direct extension of the resident I/O 
facilities of the TLC8-84 microcomputers and are accessed by their own MOVD, 
ANLD, and ORLD instructions. 


FEATURES 

o Low cost 

o Simple interface to TLCS-84 microcomputers 
o Four 4-bit I/O ports 
o Al^D and OR directly to ports 
o Single 5V supply 
o High output drive 

o Direct extension of resident TMP8048P/TMP8049P I/O ports, 
o Comipatible with intel's 8243 

o -40°C to +85°C Operation (TMP8243PI: Industrial Specification) 

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 


P50 C 
F40 c - 
Fii C 3 
P*:? C ■* 

P43C 3 
cx' C e 

PROG C 7 
P23C S 
P2* C P 
P2lC 1C 
P20C 11 
QNUC 12 


24 2 VC!C 

25 3 P51 
Zc 3 P52 
21 U P53 
2D H Pec 
19D Pei 

16 3 P62 

17 3 P63 
as 3 

:5 3 

14 3 P^a 

13 3 ^0 




PORT 




MUX 


ADDRESS 

DECODER 




INSTRUC. 

DECODER 




PROG 




TEMP 


b 






AND/OR 

LOGIC 


RESET 

CIRCUIT 




y INPUT 
BUFFER 


□ 


LATCH PORT 4 


LATCH fcv) PORT 5 


INPUT 

BUFFER 




a latch b7> PORT 6 


INPUT [/d 
BUFFER 


LATCH PORT 7 


INPUT 

BUFFER 
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PIN NAMES AND PIN DESCRIPTION 

PROG (Input) 

Clock Input. A high to lov transistion on PROG signifies that address and 
control are available on P20-23, and a low to high transition signifies that 
data is available on P20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 
status. 

P20-23 (Input/Output, 3-state) 

Four (4) bit bi-cfirectional port contains the address and control bits on a 
high to low transition of PROG. During a low to high transition contains the 
data for a selected output port if a write oepration, or the data from a 
selected port before the low to high transition if a read operation. 

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state) 

Four (A) bit bi-directional I/O ports. May be programmed to be input (during 
read), low impedance latched output (after write) or a 3-state (after read). 
Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

Vcc (Power) 

+5 volt supply 

GND (Power) 

0 volt supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The TMP82A3P contains four 4-bit 1/0 ports which serve as an extension of the 
on-chip 1/0 and are addressed as ports 4-7. The following operations may be 
performed on these ports. 

o Transfer accumulator to port 
o Transfer port to accumulator 
o AND accumulator to port 
o OR accumulator to port 
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All cominunication between the TMP8048P and the TMP8243P occurs over Port 2 
(P20-23) with titling provided by an output pulse on the PROG pin of the pro¬ 
cessor. Each- transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 
while a low to high transition indicates the presence of data. Additional 
TMP8243P'S may be added to the 4-bit bus and chip selected using additional 
output lines from the TMP8048P/8035P. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 6, 
and 7 to the tri-state and port 2 to the input mode. The PROG pin may be either 
high or low when powder is applied. The first high to low transition of PROG 
causes device to exit power on mode. The power on sequence is initiated if Vcc 
drops below IV. 


P21 

P20 

Address 

Code 

P23 

P22 

Instruction 

0 

0 

Port 

4 

0 

0 

Read 

0 

1 

Port 

5 

0 

1 

Write 

1 

0 

Port 

6 

1 

0 

ORLD 

1 

1 

Port 

7 

1 

1 

ANLD 


Write Modes 

The device has three write modes. MOVD Pi, A directly writes new data into the 
selected port and old data is lost. ORLD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. ANLD Pi, A takes new data AND's 
it with the old data and then writes it to the port. Operation code and port 
address are latched from the input port 2 on the high to low transition of the 
PROG pin. On the low to high transition of PROG data on port 2 is transferred 
to the logic block of the specified output port. 

After the logic manipulation Is performed, the data is latched and outputed. 

The old data remains latched until new valid outputs are entered. 
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Read Mode 

The device has one read mode. The operation code and port address are latched 
from the input port 2 on the high to low transition of the PROG pin. As soon 
as the read operation and port address are decoded, the appropriate outputs are 
3-stated, and the input buffers sw-itched on. The read operation is te,rminatec 
by a low to high transition of the PROG pin. The port (4, 5, 6 or 7) that was 
selected is switched to the 3-stated mode while port 2 is returned to the 
input mode. 

Normally, a port will be in an output (write mode) or input (read mode). If 
modes are changed during operation, the first read following-3 write should be 
ignored; all following reads are valid. This is to allow the external driver 
on the port to settle after the first read instruction removes the low impedance 
drive from the TMP8243P output. A read of any port will leave that port in a 
high impedance state. 


< 

e 


c 


< 

H 

O 

H 



MAXIMUM SINK CURRENT ON ANY PIN@.45V 
MAXIMUM loL WORST CASE PIN(mA) 
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Sink Capability 

The TMP8243P can sink 5 iiiA(2.45V on each of its 16 I/O lines simultaneously. 

If, however, all lines are not sinking simultaneously or all lines are not fully 
loaded, the drive capability of any individual line increases as is shown by 
the accompanying curve. 

For example, if only 5 of the 16 lines are to sink current at one time, the 
curve shows that each of those 5 lines is capable of sinking 9 iii.40.45V (if any 
lines are to sink 9 niA the total lOL must not exceed 45 mA or five 9 m.4 loads). 

Example: How many pins can drive 5 TTL loads (1.6 mA) assuming remaining pins 

are unloaded? 

lOL ~ 5 X 1.6mA= 8mA 
elOL = 60 mA from curve 
//pins = 60 mA -f 8 mA/pin = 7.5 = 7 

In this case, 7 lines can sink 8 mA for a total of 56 m.4. This leaves 

4 mA sink current capability which can be divided in any way among the 
remaining 9 1/0 lines of the TMP8243P. 

Example: This examples shows now the use of the 20 mA sink capability of port 

7 affects the sinking capability of the other I/O lines. 

An TMP8243P will drive the following loads simultaneously. 

2 loads - 20 mA@lV (port 7 only) 

8 loads - 4 mA@.45V 

6 loads - 3.2 mA0.45V 

Is this within the specified limits? 

E^IOL = (2 X 20) + (8 X 4) + (6 X 3.2) = 91.2 mA. From the curve; 

for loL ® 4 mA, elQL = 93 mA since 91.2 mA < 93 mA the loads are 

within specified limits. 

Although the 20 mA@lV. load are used in calculating cIql* it is the 
largest current required @.45V which determines the maximum allow¬ 
able elOL* 
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TMP824 3P 


ABSOLUTE mXIMUr*, RATINGS 


Symbol 

I tern 

Rating 


Supply Voltage with Respect to GN'D 

-0. 5V to +7. OV 


Input Voltage with Respect to G'’D 

-0.5V to +7. OV 

'^'OUT 

Output Voltage with Respect to GND 

-0.5V to +7.0V 

Pd 

Power Dissipation 

800mW 

’^SOLDER 

Soldering Temperature (Soldering Time 10 sec.) 

260°'C 

'PSTG 

Storage Tem.perature 

-55°C to +150°C 

"PoPR 

Operating Temperature 

0°C to +70°C 


D.C. CHARACTERISTICS Ta = O^C to 70°C, Vcc = 5 V ± iu% 


Symbol 

Parameter 

Test Condition 

Min. 



VlL 

Input Low Voltage 


-0,.5 


0.8 

V 

ViH 

Input High V.oltage 

1 

2.0 

i 



VOLl 

Output Low Voltage Ports 4-7 

lOL = 5mA* 

i 


0.45 

V 

VOL2 

Output Low Voltage Port 7 

lOL = 20mA 



1 

V 

^^013 

Output Low Voltage Port 2. 

^OL=0. 6m.4 



0.45 

V 

'OHI 

Output High Voltage Ports 4-7 

^OH=-240’u.4 

2.4 



1 

V 

'oh 2 

Output High Voltage Port 2 

^OH=-100uA 

2.4 




^ILl 

Input Leakage Port 4-7 

0'-''lN-'’cC 

-10 


20 

! 

VA 1 

^IL2 

Input Leadagc Port 2, PROG 

ovyVjj’iVQc 

-10 


10 

UA 

^CC 

Supply Current 



10 

20 

m.4 

lOL 

Sum of all IOl of 16 Outputs 

5 mA Each Pin 



80 

hlA. 


* See following graph for additional sink current capability 


A.C. CHARACTERISTICS Ta = 0“C to 70°C, Vcc * 5V i 10% 
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TMP8243PI : INDUSTRIAL SPECIFICATION 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

I tern 

Ra t i n g 

Vcc 

^’CC Supply Voltage with Respect lo G\'D 

-0.5V to +7.OV 


Input Voltage with Respect to Gh'D 

-0.5V to +7.0V 

^’OUT 

Output Voltage with Respect to G?;D 

-0.5V to +7.OV 

Pd 

Power Dissipation 

800mV 

TsOLDER 

Soldering Temperature (Soldering Time 10 sec.) 

260'C 

'^STG 

Storage Temperature 

-55'C to +150“C 

“^OPR 

Operating Temperature 

-40"C to +85°C 


D.C. CHARACTERISTICS TA=-40°C to 85°C, Vcc=5V±10% 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

Units 

^IL 

Input Low' Voltage 


-0.5 


0.8 

V 


Input High Voltage 


2.0 


Vcc+0.5 

V 

^’OLl 

Outptu Low Voltage Ports 4-7 

ToL= 4.5mA 



0.45 

V 

V0L2 

Output Low Voltage Port 7 

ToL=20mA 



1 

V 

'0L3 

Output Low Voltage Port 2 

^0L=0. 6mAi 



0. 45 

V 

^OHl 

Output High Voltage Ports 4-7 

^OH=-240uA 

2.4 



V 

Vri2 

Output High Voltage Port 2 

^OH=-100jA 

2.4 




hu 

Input Leakage Ports 4-7 

OViViKiVcc 

-10 



uA 

IlL2 

Input Leakage Port 2, CS,PROG 

OVfViNiVcc 

-10 


10 

pA 

^CC 

Vcc Supply Current 



10 

20 

mA 

^OL 

Sum of all Iq]_ of 16 outputs 

4.5mA each pin 



72 

mA 


* See following graph for additional sink current capability 


A.C. CHARACTERISTICS TA=-40“C to 85°C, Vcc=5VilO% 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

Units 

tA 

Code Valid before PROG 

Cl = 80pF 

100 



ns 

tB 

Code Valid after PROG 

Cl = 20pF 

60 



ns 

^C 

Data Valid before PROG 

Cl = 80pF 

200 



ns 

tD 

Data Valid after PROG 

Cl = 20pF 

20 



ns 

tH 

Floating after PROG 

Cl = 20pF 

0 


150 

ns 


PROG Negative Pulse Width 


700 



ns 

‘CS 

CS Valid before/after PROG 


50 



ns 

■tpo 

Ports 4-7 Valid after PROG 

lIBBBSBSm 



700 

ns 

*LP1 

Port s 4-7 Val i d before/af ter PROG 

Hmmiii 

100 



ns 

^ACC 

Port 2 Valid after PROG 

C], « 80pF 



650 

ns 
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TIMING WAVEFORM 
PROG — 


PORT2 
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INPUT/OUTPUT EXPANDER 
GENERAL DESCRIPTION 

The 'n'^P82C43P is an input/output expander designed specifically to provide 
a low cost means of I/O expansion for the TLCS-84C family. 

The I/O ports of the TMP82C43P serve as a direct extension of the resident 
I/O facilities of the TLCS-84C microcomputers and are accessed by their ovn 
MOVD, AKLD, and ORLD instructions. 


FEATURES 

o CMOS LSI for lov power dissipation 
° Low cost 

o Simple interface to TLCS-84C microcomputers 
° Four 4-bit I/O ports 
o AIJD and OR directly to ports 
® Single 5Y supply 
® High output drive 

o Direct extension of resident TMP80C49P-6 I/O ports. 
° PI!> compatible with intel's 8243 

° Extended operation temperature range -40°C to 85'’C 


PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 


PORT 


MUX 


-^ADDRESS 
■Recorder 






INSTRUC. 

DECORDERl 


PROG 


2 ^ 


TEMP. 


b 


n 




AND/OR 

LOGIC 


12 


RESET 

CIRCUIT 


^ LATCH f:pPORT 4 


M INPUT 
[BUFFER 


D 


□ 




LATCH 


INPUT 

tBUFFER 




PORT 5 




3latch]ix)port 6 


U INPUT 
BUFFER 


P 




LATCH 




l_l INPUT 
BUFFER 


ORT 7 


P 
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PIN NAMES AND PIN DESCRIPTION 

PROG (Input) 

Clock input. A high to lov transistion on PROG signifies that address and 
control are available on P20-23, and a low to high transition signifies 
that data is available on P20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 
status. 

P20-23 (Input/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 
high to low transition of PROG. During a low to high transition contains 
the data for a selected output port if a write operation, or the data from 
a selected port before the low to high transition if a read operation. 

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state) 

Four (4) bit bi-directional I/O ports. May be prograimned to be input (during 
read), low impedance latched output (after write) or a 3-state (after read). 
Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

Vqq (Power) 

+5 volt supply 

GND (Pow’er) 

0 volt supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The THP82C43P contains four 4-bit I/O ports which serve as an extension of 
the on-chip I/O and are addressed as ports 4-7. The following operations 
may be performed on these ports. 

o Transfer accumulator to port 
o Transfer port to accumulator 
o AND accumulator to port 
o OR accumulator to port 
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All communication between the microcomputer (T>IP80C49P-6) and the TMP82C43P 
occurs over Port 2 (P20-23) with timing provided by an output pulse on the 
PROG pin of the processor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 
while a low to high transition indicates the presence of data. Additional 
TMP82C43 P's may be added to the 4-bit bus and chip selected using additional 
output lines from the microcomputer. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 

6, and 7 to the tri-state and port 2 to the input mode. The PROG pin may be 
either high or low when power is applied. The first high to low transition 
of PROG causes device to exit power on mode. The power on sequence is ini¬ 
tiated if drops below IV. 


P21 

P20 

Address Code 

P23 

P22 

Instruction Code 

0 

0 

Port 4 

0 

0 

Read 

0 

1 

Port 5 

0 

1 

Write 

1 

0 

Port 6 

1 

0 

ORLD 

1 

1 

Port 7 

1 

1 

ANLD 


Write Modes 

The device has three write modes. MOM) Pi, A directly writes new data into 
the selected port and old data is lost. ORLD Pi, A takes new data, OR’s it 
with the old data and then writes it to the port. ANLD Pi, A takes nev: data 
AOT's it with the old data and then writes it to the port. Operation code 
and port address are latched from the input port 2 on the high to low transi¬ 
tion of the PROG pin. On the low to high transition of PROG data on port 2 
is transferred to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 
The old data remains latched until new valid outputs are entered. 
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Read Mode 

The device has one read mode. The operation code and port address are 
latched from the input port 2 on the high to lov transition of the PROG 
pin. As soon as the read operation and port address are decoded, the 
appropriate outputs are 3-stated, and the input buffers switched on. 

The read operation is terminated by a low to high transition of the 
PROG pin. The port (4, 5, 6 or 7) that was selected is switched to the 
3-stated mode while port 2 is returned to the input mode. 

Normally, a port will be in an output (write mode) or input (read*mode) 
If modes are changed during operation, the first read following a write 
should be ignored; all following reads are valid. This is to allow the 
external driver on the port to settle after the first read instruction 
removes the low impedance drive from the TMP82C43P output. A read of 
any port will leave that port in a high impedance state. 
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TMP8243P 

ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 


Supply Voltage with Respect to GMD 

-0.5V to +7.0V 

ViN 

Input Voltage with Respect to GND 

-0.5V to VCC+0.5V 

VqUT 

Output Voltage vith Respect to GND 

. 

-0.5V to VCC+0-3V 


Power Dissipation 

250mV 

^SOLDER 

Soldering Temperature (soldering Time 10 sec.) 

260 = 0 

'^STG 

Storage Temperature 

-65“C to +150=C 

B 

Operating Temperature 

-40°C to +85=C 


D.C. CHARACTERISTICS (I) TopR=-AO‘’C SS'C, Vcc=5V±10%, Vss=OV 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

ui-aTS 

ViL 

Input Low Voltage 


-0.5 


0.8 

V 

ViH 

Input High Voltage 


2.2 



V 

VOLI 

Output Low Voltage Ports 4-7 

^OL=5inA 



0.45 

V 

^0L2 

Output Low Voltage Port 7 

IoL=20mA 



1.0 

V 

V0L3 

Output Low Voltage Port 2 

Ioi_=0.8mA 



0.45 

V 

^OHll 

Output High Voltage Ports 4-7 

IOH=“l*2inA 

2.4 



V 

VoH21 

Output High Voltage Port 2 

l0H“~0.6mA 

2.4 



V 

^0H12 

Output High Voltage Ports 4-7 

lOH=“0.6mA 

Vcc-0. 8 



V 

^0H22 

Output High Voltage Port 2 


Vcc-0.8 



V 


Input Leakage Port 4-7 

VSS-VIN-VCC 



±10 

pA 

^IL2 

Input Leakage Port 2, CS,PR0G 

^SS-^'IN-'^CC 



±10 

PA 

D 

Power Supply Current (1) 

VcC=5V,Vil=0.2V 
^’iH''^'cC” 0-2V 
PROG PERI0D=5yS 



2 

mA 

^CC2 

Power Supply Current (2) 

Vcc=5V,Vil* 0.2V 
Vfu^Vpp-0.2V 
PROG-Vcc-0.2V 



1C 

PA 

\mm 

Sum of all IqL Outputs 

5mA Each pin 



80 

mA 
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.C. CHARACTERISTICS (H) Topr=- 40“C to 85'C, Vcc=5V±20%, Vss=0V 


YMEOL 

PAR-'.MITER 

TEST CONDITION 


TYP. 

MA>:. 

UNITS 

^’iL 

Input Low.Voltage 

A.OV-Vcc-'^. 5V 

-0. 5 



V 


Input High Voltage 

5. 5V£V(3c£6. OV 

0,5Vcc 

1 ^'cc 

V 

^OLl 

Output Low Voltage Ports A-7 

l0L=‘^f^‘A 



0.A5- 

V 

^’0L2 

Output Low Voltage Port 7 



1 1.0 

V 

V0L3 

Output Low Voltage Port 2 

IqP=0. 6itiA 


0.A5 

V 

OIU 2 

Output High Voltage Ports A-7 

lQU=-200yA 

Vcc-0.8 j 

V 

'^’0H22 

Output High Voltage Port 2 


^’CC-0. 8 j 


V 

^OL 

Sum of all Iqp of 16 outputs 

AmA Each Pin 



64 

ciA 


.C. CHARACTERISTICS Tf^pj,=-A0°C to 80®C, Vcc=3V±20%, V 55 = 0 V 


SYMBOL 

PAR.A:>rETER 

TEST CONDITION 

MIN. 

TYP. 

ILAN. 

UNITS 

■^A 

Code Valid Before PROG 

CL=80pF 

100 



ns 


Code Valid After PROG 

CL=20pF 

60 



ns 

to 

Data Valid Before PROG 

CL=80pF 

200 



ns 

tD 

Data Valid After PROG 

CL=20pF 

20 



ns 

tH 

Floating After PROG 

CL=20pF 

0 


150 

ns 


PROG Negative Pulse Width 


700 



ns 

^CS 

CS Valid Before/After PROG 


50 



ns 

^PO 

Ports A-7 Valid After PROG 

CL=100pF 



700 

ns 

*^IP 

Ports A-7 Valid 


100 



ns 

’^ACC 

Port 2 Valid After PROG 

^L=80pF 



650 

ns 
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TIMING WAVEFORM 
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OUTLINE DRAWINGS 


PLASTIC PACKAGE 


Unit in mm 


(Note) 


<4 cc 2< 2 j ZZ iy IE I""!-' i; 04 22 




Note ; Each lead pitch is 2.54mm. All leads are located within 
0.25mm of their true longitudinal position with respect 
to No.l and No.24 leads. 
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CMOS 8-BIT MICROCONTROLLERS 
TMP90C840N/TMP90C841N 
TMP90C840F 


TMP90C840 


1. OUTLINE AND CHARACTERISTICS 

The TMP90C840 is a high-speed advanced 8-bit micro controller applicable 
to a variety of equipment. 

With its .8-bit CPU, ROM, RAM, A/D converter, multi-function timer/event 
counter and general-purpose serial interface integrated into a single CMOS 
chip, the TMP90C840 allows the expansion of external memories for programs 
(up to 56K bytes) and data (IM bytes). 

The characteristics of the TMP90C840 include: 

(1) Efficient instruction system 

163 basic instructions 

Multiplication, division, 16-bit arithmetic operations, bit 
manipulation instructions 

(2) Minimum instruction executing time: 400 ns (at 10 MHz oscillation 
frequency) 

(3) Internal ROM; 8K bytes 

(4) Internal RAM: 256 bytes 

(5) Memory expansion 

External program memory: 56K bytes 
External data memory: IM bytes 

(6) Super-precision 8-bit A/D converter (6 channels) 

(7) General-purpose serial interface (1 channel) 

Asynchronous mode, I/O interface mode 

(8) Multi-function 16-bit timer/event counter 

(9) Four 8-bit timers 

(10) 2-channel stepping motor control port 

(11) Input/Output ports (54 pins) 

(12) Interrupt function: 10 internal interrupts and 4 external 

interrupts 

(13) Micro Direct Memory Access (DMA) function (11 channels) 

(14) Watchdog timer 

(15) Standby function (4 HALT modes) 

(16) Complementary metal oxide semiconductor (CMOS) 

(17) Single power source 


MPU90-1 





TOSHIBA 


TMP90C840 


NMI 
P80/INTO 


P30/RXD 

_ P31/RXD 

P32/RTS/SCLK/TXD 

P33/TXD 


P34/CTS 


P50'X^P55/c 

AN0'\^AN5 


VREF 

AGND 

P60/T01/MOO 
P61/M01 
P62/M02; 
P6 3/MO 3 
P70/T03/M10■ 
P71/M11' 
P72/M12 
P73/M13 


P81/INT1/TI4' 

P82/INT2/TI5 

P83/T03/T04 


INTERRUPT 

CONTROLLER 


WATCH DOG 
TIMER 


SERIAL I/O 
ICH 


8BIT 6CH 
A/D 

CONVERTER 


STEPPING 
MOTOR 
CONTROL 
PORT 0 


STEPPING 
MOTOR 
CONTROL 
PORT 1 


TIMER 
8BIT 2CH 
(TIMERO/1) 


TIMER 
8BIT 2CH 
(TIMER2/3) 


TIMER/EVENT 
COUNTER 
16BIT ICH 
(TIMER4) 





CPU 



mm 

F 



wm 

C 



D 

mm 



mm 

L 



mm 

■31 



mm 

WBM 



■31 

■31 



mm 

■31 


■ 

m 

IX 


1 


lY 


m 



IW 



B 

1 

_ 

_ 

_ 



RAM 

(256 B) 




ROM 
(8 KB) 


OSC 


JU 


PORT 

0 




PORT 

1 




PORT 

2 




PORT 

3 


PORT 

4 


■VCC 

•VSS(GND) 


•XI 

■X2 


•EA 


RESET 


■POO -V P07 
/DO 'V D7 


■PIO 'V P17 
/AO 'V a7 


■P20 'V P2 7 
/A8 ^ A15 


'P35/RD 

'P36/WR 


P37/WAIT 




P40 ^ P43 
/A16 'V a19 


Fig. 1 TMP90C840 Block Diagram 
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2. PIN ARRANGEMENT AND FUNCTIONS 

The arrangement of input/output pins, their names and functions are 
described below. 

2.1 Pin Arrangement 

Fig. 2.1 shows where the input/output pins are located in the TMP90C840. 


VREF 
AGND 
(ANO) P50 
(AND P51 
(AN2) P52 
(AN3) P53 
(AN4) P54 
(AN5) P55 
(TO1/MOO) P60 
(MOD P61 
(M02) P62 
(M03) P63 
(T03/M10) P70 
(MU) P71 
(M12) P72 
(M13) P73 
(INTO) P80 
(INT1/TI4) P81 
(INT2/TI5) P82 
(T03/T04) P83 
NMI 
RESET 
CLK 
(DO) POO 
(Dl) POl 
(D2) P02 
(D3) P03 
(D4) P04 
(D5) P05 
(D6) P06 
(D7) P07 
(GND) Vss 



Vcc 

P37 (WAIT) 

P36 (WR) 

P35 (RD) 

P34 (CTS) 

P33 (TxD) 

P32 (TxD/RTS/SCLK) 
P31 (RxD) 

P30 (RxD) 

EA 

P43 (A19) 

P42 (A18) 

P41 (A17) 

P40 (A16) 

P27 (A15) 

P26 (A14) 

P25 (A13) 

P24 (A12) 

P2 3 (All) 

P22 (AlO) 

P21 (A9) 

P20 (A8) 

P17 (A7) 

P16 (A6) 

P15 (A5) 

P14 (A4) 

P13 (A3) 

P12 (A2) 

Pll (Al) 

PIO (AO) 

X2 

XI 


Fig. 2.1-(1) Pin Arrangement (Shrink Dual Inline Package) 
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II11 IIIiiB 

> < 

cntnuii/tSno cjuicjui 
UiKiMOO'^O o\ tj\ ^ 


(AN4) PS4 
(ANS) PS5 
(TOl/MO) P60 
(MOD P61 
(M02) P62 
(M03) P63 
(T03/M10) P70 
(HID P71 
(M12) P72 
(M13) P73 
(INTO) P80 
(INT1/TI4) P81 
(INT2/TI5) P82 
(T03/T04) P83 
NMI 
RESET 

cue 
(DO) POO 
(Dl) POl 


>9C9Z9 1909 6S BSiS 9S SS »SCS tS' 


130212223242526 27 28 29 30 31 32, 


IP31 (RxO) 
IP30 (RxO) 
lEA 

IP43 (AI9) 
IP42 (A18) 
IP41 (A17) 
IP40 (A16) 
IP27 (A15) 
IP26 (A14) 
IP25 (A13) 
IP24 (A12) 
IP23 (All) 
IP22 (AlO) 
IP21 (A9) 
JP20 (A8) 
1P17 (A7) 
1P16 (A6) 
JP15 (A5) 
JP14 (A4) 


00000 OW 

Ol^N^Ul 

OOOOQoS 5 ^ ^ 
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2.2 Pin Names and Functions 

The names of input/output pins and their functions are summarized in 
Table 2.2. 


Table 2.2 Pin Names and Functions 


. No. of 

Pin Name , 

pins 

i I/O 

1 3 states 

1 Function 

POO - 

P07| 

8 

1 I/O 

1 Port 0: 8-bit I/O port that allows selec- 

/DO - 

1 

D7 1 


1 3 states 

1 

1 tion of input/output on byte basis 


1 

1 

1 

1 Data bus; Also functions as 8-bit bidirec- 
1 tional data bus for external memory 


1 


1 

PIO - 

P17| 

8 

1 I/O 

1 Port 1: 8-bit I/O port that allows selec- 

/AO - 

1 

A7 1 


1 /Output 

1 

1 tion on byte basis 


1 

1 

1 

1 Address bus: The lower 8 bits function as 

1 address bus for external memory 


1 


1 

P20 - 

P27| 

8 

1 I/O 

1 Port 2: 8-bit I/O port that allows selec- 

/A8 - 

1 

A15| 


1 /Output 

1 

1 tion on bit basis 


1 

1 

1 

1 Address bus: The upper 8 bits function as 

1 address bus for external memory 


1 


1 

P30 

1 

1 

1 

1 Input 

1 

1 Port 30: 1-bit input port 

/RxD 

1 

1 


1 

1 

1 Serial data receiving 

P31 

1 

1 

1 

1 Input 

1 

1 Port 31: 1-bit input port 

/RxD 

1 

1 


1 

1 

1 Serial data receiving 

P32 

1 

1 

1 

1 Output 

1 

1 Port 32: 1-bit output port 

/TxD 

/PTS 

1 

1 

1 


1 

1 

1 

1 Serial data transmission 

1 

1 

1 


1 

1 

1 

1 Request serial data transmission 

/SCLK 


1 

1 


1 

1 

1 Serial clock output 

P33 

1 

1 

1 

1 Output 

1 

1 Port 33: 1-bit output port 

/TxD 

1 

1 


1 

1 

1 Serial data transmission 

P34 

1 

1 

1 

1 Input 

1 

1 Port 34: 1-bit input port 

/^ 

1 

1 


1 

1 

1 Capable of serial data transmission 

P35 

1 

1 

1 

1 Output 

1 

1 Port 35: 1-bit output port 

/RD 

1 

1 

1 


1 

1 

1 

1 Read; Generates strobe signal for reading 

1 external memory 

P36 

1 

1 

1 

1 Output 

1 

1 Port 36: 1-bit output port 

/TO 

1 

1 

1 


1 

1 

1 

1 Write: Generates strobe signal for writing 

1 into external memory 

P37 

1 

1 

1 

1 Input 

1 

1 Port 37: 1-bit input port 


1 


1 


/WAIT 

1 

1 


1 

1 

1 Wait: Input pin for connecting slow access 

1 memory or peripheral LSI 
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Pin Name 


- P55 

- AN5 


Output 


Function 


Port 4; 4-bit output port that allows 
selection of port/address bus on bit basis 


Input 



I Address bus: Also functions as address bus 
I for external memory (4 bits of bank 
I address) 


1 Port 5: 6-bit input port 

I------- 

I Analog input: 6 points for analog input 
I to A/D converter 


I Input of reference voltage to A/D 
I converter 


Ground pin for A/D converter 


I Port 6: 4-bit I/O port that allows I/O 
I selection on bit basis 


/Output I Stepping motor control port 0 
-- 

/Output I Timer output 1: Output of Ti: 



Timer output 1: Output of Timer 0 or 1 
Port 7: 4-bit I/O port that allows I/O 
selection on bit basis 

Stepping motor control port 1 

Timer output 3: Output of Timer 2 or 3 _ 

Port 80: 1-bit input port 

nterrupt request pin 0: interrupt re 
in (Level/rising edge is programmable 
Port 81: 1-bit input port 

Interrupt request pin 1: interrupt request 
pin (Level/falling edge is programmable) 

Timer input 4: Counter/capture trigger 
signal for Timer 4 


/T03/T04 


NMI 


Input 

1 Port 82: 1-bit input port 

1 - . _ . _ .-__ 


1 Interrupt request pin 2: rising edge in- 
1 terrupt request pin 


1 Timer input 5: capture trigger signal for 

1 Timer 4 

Output 

1 Port 83: 1-bit output port 

1 

1 

1 Timer output 3/4: Output of Timer 3/4 

Input 

1 Non-maskable interrupt request pin: 
i Falling edge interrupt request pin 
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Pin Name 


I/O 1 

3 states | 

Function 


CLK 

1 1 1 

Output 1 

Clock output: Generates clock 

pulse at 1/4 


1 1 
1 1 

1 

1 

frequency of clock oscillation, 
high-level while resetting. 

It is a 


RESET ! 

1 1 

X1/X2 

2 1 
1 

Vcc 

1 1 

Vss(GND) 

1 1 


Input/ 

Output 


External access: Connects with Vcc pin in 
the TMP90C840 using internal ROM, and with 
GND pin in the TMP90C841 with no internal 
ROM. 


Reset 


Pin for quartz crystal oscillator 


)in (+5V) 


Ground pin (OV) 
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3. OPERATION 

This chapter describes the functions and the basic operations of the 
TMP90C840 in every block. 

3.1 CPU 

The TMP90C840 incorporates a high-performance 8-bit CPU. This CPU 
improves its speed of processing, addressing and executing instructions 
compared to the conventional 8-bit versions. 

This section describes the CPU functions available to the programmer. 

3.1.1 Memory map 

The TMP90C840 supports a program memory of up to 64K bytes and a data 
memory of maximum IM bytes. 

The program memory may be assigned to the address space from OOOOOH to 
OFFFFH, while the data memory can be allocated to any address from 
OOOOOH to FFFFFH. 

(1) Internal ROM 

The TMP90C840 internally contains an 8K-byte ROM. The address space 
from OOOOH to IFFFH is provided to the ROM. The CPU starts executing 
a program from OOOOH by resetting. 

The addresses OOlOH to 007FH in this internal ROM area are used for 
the entry area for the interrupt processing. 

(2) Internal RAM 

The TMP90C840 also contains a 256 byte RAM, which is allocated to the 
address space from FECOH to FFBFH. The CPU allows the access to a 
certain RAM area (FFOOH to FFBFH, 192 bytes) by a short operation code 
(opcode) in a "direct addressing mode". 

The addresses from FFIOH to FF7FH in this RAM area can be used as 
parameter area for micro DMA processing (and for any other purposes 
when the micro DMA function is not used). 

(3) Internal I/O 

The TMP90C840 provides a 48-byte address space as an internal I/O 
area, whose addresses range from FFCOH to FFEFH. This I/O area can be 
accessed by the CPU using a short opcode in the "direct addressing 
mode". 

Fig. 3.1 (1) is a memory map indicating the areas accessible by the CPU 
in the respective addressing mode. 
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3.1.2 Registers 


3.1 (2) 

shows the 

configuration 

of registers. 

7 


0 7 

0 

1 

A 

1 F 

1 1 

1 

B 

1 c 

1 1 Main registers 

1 

D 

1 H 

1 1 

1 

H 

1 L 

1 1 


1 

A' 

1 


F' 

1 1 

1 

B' 

1 


C 

1 1 Alternative 

1 

D' 



E' 

1 1 registers 

1 

H' 



L' 

1 1 

3 0 15 





0 

B X 1 


I 

X 


i 1 

B Y 1 


I 

Y 


1 1 Special purpose 

1 


S 

P 


1 1 registers 

1 


P 

C 


1 1 


Fig. 3.1 (2) Configuration of Registers 


The TMP90C840 uses main registers, alternative registers and dedicated 
registers. The main registers and the alternative registers are 
allowed to be exchanged of their contents by a register exchange 
instruction. 

(1) Register A 

This is an 8-bit register used mainly for 8-bit arithmetic and logic 
operations. 

(2) Register F 

This is an 8-bit register that stores the status of operation results. 
Configuration of register F is shown in Fig. 3.1 (3). 

7 6 5 4 3 2 1 0 


MSB I S I Z IlFFi H I X |P/V| N | C | LSB 


Fig. 3.1 (3) Configuration of Register F 


o Sign flag (S) 

The sign flag is set to "1" when the arithmetic result is negative. 
It stores the contents of the most significant bit (MSB) of the 
arithmetic and logic unit (ALU), 
o Zero flag (Z) 

Z flag is set to "1” when the all bits of the ALU after operation are 
" 0 ". 
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o Parity/Overflow flag (P/V) 

This flag has two functions. One is to indicate the parity (P) 
resulted from a logical opepration (AND, OR, or XOR). It is set to 
"1" when the result is even, and "0" for odd parity. 

The other is to indicates the overflow (V) in an arithmetic operation 
(ADD, ADC, SUB, SBC, or CP). The flag is set to "1" when the result 
cannot be expressed by a signed integral number. 

The P/V flag selects either function according to the instruction, 
o Carry, flag (C) 

The flag is set to "1" if a carry or borrow has occurred on the MSB of 
the ALU. 

0 Expansion carry flag (X) 

Like the carry flag (C), it is set to "1" when the MSB of the ALU 
involves a carry or borrow as a result of an operation except that it 
applies to a wider range of instructions (e.g., INC rr). 
o Half carry flag (H) 

It is set to ”1" when a carry or borrow has occurred on the 4th bit of 
the lower side in the ALU. 
o Addition/Subtraction flag (N) 

This flag is set to "1" if the executed operation is a subtraction 
(SUB, SBC, CP, or DEC). 
o Interrupt enable flag (IFF) 

A maskable interrupt is enabled or disabled by this flag. This flag 
is set to "1" by an El instruction and "0" by an DI instruction. 

(Note) This flag is shared with the alternative register F'. 

(3) Registers B, C, D, E, H and L 

All these registers have an 8-bit configuration. They function as 
16-bit register pairs (concatenated BC, DE and HL) as well as 
independent 8-bit register. Registers B or register pair BC is also 
used as a counter for the loop instruction (DJNZ). Register pair HL 
is used for 16-bit data processing including 16-bit arithmetic/logic 
operations. 

(4) Registers A', F', B', C', D', E', H' and L' 

These registers have the same structure as the main registers (A, F, 
B, C, D, E, H and L). They are called alternative registers. There 
is no instruction that directly accesses these alternative registers, 
but its data can be processed by a register exchange instruction. 
Following are examples of register exchange insturctions that allow 
the exchange of data between a main register and an alternative 
register: 

EX AF,AF' 

EXX 

(5) Registers IX, lY, BX and BY 

IX and lY are 16-bit independent registers called index registers. BX 
and BY are 4-bit independent registers and referred to as bank 
registers. 

These registers are used mainly for specifying memory addresses, and 
generate 20-bit addresses. IX and lY registers are also used for 
16-bit additions. 


MPU90-11 





TOSHIBA 


TMP90C840 


BX and BY registers are allocated to the memory addresses FFECH (BX 
register) and FFEDH (BY register) in the internal I/O address spaces. 
Only their lower four bits are effective, with the upper four bits 
being undefined. These undefined -bits are always set to "1" when reat 
out. By resetting, the lower four bits of BX and BY registers are 
initialized to "0". 


BX I - I - I - I - |BX3|BX2|BX1|BX0| R/W 
(FFECH) - 


BY 1 - I - I - I - |BY3|BY2|BY1|BY0| R/W 
(FFECH) - 

(6) SP register 

SP register is a 16-bit register called a stack pointer (SP), that 
stores the start address of the memory stack area (Last in, first out 
basis). It is decremented when a CALL or PUSH instruction is executed 
or an interrupt is accepted. It is incremented by execution of RET 
instruction or a POP instruction. 

(7) PC register 

This is a 16-bit register called a program counter, and stores the 
memory address of the next instructi on to be executed. 

It is initialized to OOOOH when the RESET pin becomes low. 

(8) Other 

By executing the data exchange instruction [EXX] between a main 
register and an alternative register, the EXF bit (exchange flag: Bit 
1 of memory address FFD2H) of the internal I/O register is inverted. 
This is a read-only bit, and is not initialized by resetting. 

3.1.3 Addressing modes 

Eight addressing modes are available for the TMP90C840. They are used 
in combination with various instructions to enhance the CPU's 
processing capabilities. 

They are: Register mode, immediate mode, register indirect mode, index 
mode, register index mode, extend mode, direct mode and relativei mode. 
The first seven addressing modes are used most frequently. The 
relative addressing mode is only applicable to specific instructions. 

(1) Register addressing mode 

In the register addressing mode, the operand represents a specified 
register. 

Example: LD A, B 

The contents of Register B are loaded into Register A. 

(2) Immediate addressing mode 

In this mode, the operand is in the instruction. 

Example: LD A, 12H 

Immediate data "12H" are loaded into Register A. 
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(3) Register indirect addressing mode 

In the register indirect addressing mode, the operand is located in a 
memory address indicated by a register pair (BC, DE, HL, IX, lY or 
SP) . 

Example: LD A, (HL) 


2000H 


"45H" in the memory address 2000H is loaded into Register A. 

(4) Index addressing mode 

In the index addressing mode, the operand is located in a memory 
address specified by adding an 8-bit displacement value in the opcode 
to the contents of a specified register pair (IX, lY or SP). 

Example: LD A, (SP+2) 


3002H 


"67H" in the memory address 3002H is loaded into Register A. The 
displacement value ranges from -128 to +127. 

(5) Register index addressing mode 

In this mode, the operand is located in a memory address specified by 
adding the displacement value of Register A to the contents of 
register pair HL. 

Example: LD B, (HL+A) 


CPU 








A 

67 K-l 






SP 

i 3 0 

0 0 1 






Memory 


67 


CPU 








A 

45 i<- 






HL 

1 2 0 

0 0 1 






Memory 


45 
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CPU 


A I 03 I 
B I 89 |<- 

HL I 2 0 0 0 I 


Memory 


1 


1 

1 

1 


1 

— 1 

89 

1 2003H 

1 

1 


1 

1 


"89H'' in the memory address 2003H is loaded into Register B. In this 
mode, the data in Register A are considered as 8-bit signed number, 
and the displacement value ranges from -128 to +127. 


(6) Extended addressing mode 

In this mode, the operand is accessed by 2-byte (16-bit) data in the 
opcode. 

Example: LD A, (2000H) 


Memory 


CPU 



A 

45 

'K-l- 




1 

1 

1 

1 


45 


2000H 


"45H" in the memory address 2000H is loaded into Register A. 

(7) Direct addressing mode 

The operand in this mode is located in a memory address from FFOOH to 
FFFFH specified by 1-byte (8 bits) data in the opcode. Conqiared with 
the extended addressing mode, it saves both program memory and 
executing time. This mode allows the access to 256-byte addresses 
from FFOOH to FFFFH. 

..or the TMP90C840, this direct area is divided into the internal RAM 
(192 bytes from FFOOH to FFBFH) and the internal I/O area (48 bytes 
from FFCOH to FFEFH). 
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Example: LD A, (FFIOH) 

CPU 



A 

56 K-l 





Memory 



FFIOH 


"56H'' in the memory address FFIOH is loaded into Register A. 

(8) Relative addressing mode 

In the relative addressing mode, the operand is found at the address 
relative to the current instruction. This mode is applicable to 
instructions involving an 8-bit displacement value (JR and DJNZ) and a 
16-bit displacement value (LDAR, JRL and CALR). 

Example: JR 2034H 


2000H I 

2001H _I JR instruction 

2002H 


Memory 


32 


In this example, the program execution jumps to the address 2034H. 
Since the program counter is already incremented by 2 at the time of 
address computation, the displacement is obtained by the following 
formula based on the "memory address of the JR instruction + 2": 

Destination address - (address of instruction being executed 

+ 2) 

In the example, the displacement "32H" is obtained by: 

2034H - (2000H + 2) 

In any other instructions using the relative addressing mode (DJNZ, 
LDAR, JRL and CALR), the displacement is always calculated based on 
the "address of the current instruction + 2". 
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(9) Addressing modes for extended data area 

The TMP90C840 provides up to IM bytes of data. 

The addresses OOOOOH to OFFFFH can be accessed in a normal addressing 
mode. 

However, the addresses from lOOOOH to FFFFFH called an "extended data 
area" require a special addressing mode for access. 

Accessing the extended data area requires to select the addressing 
mode which uses the index register IX or lY for obtaining the address 
of the operand (the register indirect addressing mode or the index 
addressing mode). 

The following four special modes are available: 

(IX) 

(lY) 

(IX+d) 

(lY+d) 

In these modes, the extended data area is accessed by using a 20-bit 
address consisting of a 16-bit offset address (address bus AO to A15) 
and a bank address (address bus A16 to A19). 

The 16-bit offset address is obtained by the same way as in a normal 
address computation. The 4-bit bank address is specified by the bank 
register BX or BY. The register pair BX is selected when the index 
register IX is used, and BY is selected when lY is used. 

Example: LD A, (IX) 


62000H 


CPU 







A 

1 45 

l<- 





i BX 1 6 1 

IX 

2 0 0 

0 1 






Memory 


45 


"45H" in the address 62000H is loaded into Register A. 
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In the index addressing mode, a carry resulted from calculating the 
16-bit offset address is ignored; i.e., it is not added to the bank 
address. 

Example: LD A, (IY+23H) 


60013H 


In this example, ''45H" in the address 60013H is loaded into Register 

A. 

In any other addressing mode that accesses a non-extended data area 
(the index register IX or lY is not used for address computing of the 
operand), the 4-bit bank address (address bus A16 to A19) becomes "0", 
indicating that the access range is from OOOOOH to OFFFFH. 

(Note) Given "FFECH" to the IX value of (BX address) an instruction "LD 
(IX), x", the normal write cycle is not performed, making the 

result indefinite. 

3.1.4 Instructions 

The TMP90G840 supports a rich variety of addressing modes as well as 
powerful instruction sets. There are 163 basic instructions as 
categorized into the following nine groups: 

o 8-bit transfer instruciton 
o 16-bit transfer instruciton 

o Exchange, block transfer and search instructions 
o 8-bit arithmetic and logical operation instruction 
o Special operation and CPU control instructions 
o 16-bit arithmetic and logical operation instruciton 
o Rotate and shift instructions 
o Bit manipulation instruction 
o Jump, call and return instruction 

Table 3.1 (1) lists the 163 basic instructions. Table 3.1. (2) 

describes the mnemonics and their meaning. 

(1) 8-bit transfer instruction 

The 8-bit transfer instructions indued those for transferring 8-bit 
data between registers, register and immediate address, register and 
memory, or memory and immediate address. 


CPU 







A 

1 45 

l<- 





1 BY 1 6 1 

lY 

F F F 

0 1 






Memory 


45 
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(2) 16-bit transfer instruction 

The 16-bit transfer instructions include those for transferring 16-bit 
data between registers, register and immediate address, register and 
memory, and memory and immediate address, PUSH and POP instructions 
using the stack, and LDA (Load Address) instruction that calculates an 
effective address and loads its value into a register. 

(3) Exchange, block transfer and search instructions 

The data exchange instructions are executed to exchange 16-bit data 
between registers, between memory and register, or between a main 
register and an alternative register. 

The block transfer instructions can transfer data in any memory block 
to other memory area. 

The block search instructions are executed to find out a particular 
8-bit character in a given memory block. LDIR, LDDR, CPIR and CPDR 
included in the block transfer and search instructions read the 
current instruction each time a 1-byte memory is transferred or 
compared, thus making it possible to acknowledge an interrupt before 
reaching to the end of the block. 

(4) 8-bit arithmetic and logical operation instruction 

8-bit arithmetic and logical operation instructions perform 8-bit 
arithmetic and logical operations between Register A and another 
register. Register A and immediate address. Register A and memory, 
register and immediate address, and memory and immediate address (ADD, 
ADC, SUB, SBC, AND, OR XOR and CP), or increment/decrement the 
contents of register or memory by 1 (INC, DEC, INCX and DECX). 

The INCX (Increment if X) instruction increments the contents of a 
memory specified by the operand if the X flag is "1”, and does nothing 
if not. The DECX instruction performs the same operation except that 
it decrements the data. These instructions are executed to increment 
or decrement the data with 20-bit width in the 20-bit address pointers 
(registers BX and IX or BY and lY) mainly to access an extended data 
area. 


Examples: 

INC IX 
INCX (FFECH) 
LD A,(IX) 


Increment Register IX 

Increment Register BX if X 

Load contents of memory into Register A 
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Table 3.1 (1) TMP90C840 Basic Instructions (163 types) 



LD 

r,r 

1 SBC 

r,n 

1 MUL 

HL,r 

1 RRCA 




LD 

r,n 

1 SBC 

mem,n 

j MUL 

HL,n 

1 RRC 

r 



LD 

r,mem 

1 AND 

A,r 

1 MUL 

HL,mem 

1 RRC 

mem 



LD 

mem, r 

1 AND 

A,n 

1 DIV 

HL,r 

1 RLA 




LD 

mem,n 

1 AND 

A, mem 

1 DIV 

HL,n 

1 RL 

r 



LD 

rr, rr. 

1 AND 

r,n 

1 DIV 

HL,mem 

1 RL 

mem 



LD 

rr ,nn 

1 AND 

mem, n 

1 ADD 

HL,rr 

i RRA 




LD 

rr,mem 

1 OR 

A,r 

1 ADD 

HL,nn 

1 RR 

r 



LD 

mem,rr 

1 OR 

A,n 

1 ADD 

HL,mem 

1 RR 

mem 



LDW 

mem,nn 

1 OR 

A, mem 

1 ADC 

HL, rr 

1 SLAA 




PUSH 

qq 

i OR 

r,n 

1 ADC 

HL ,nn 

1 SLA 

r 



POP 

qq 

1 OR 

mem,n 

1 ADC 

HL,mem 

1 SLA 

mem 



LDA 

rr,mem 

1 XOR 

A,r 

1 SUB 

HL,rr 

1 SRAA 




EX 

DE,HL 

1 XOR 

A,n 

1 SUB 

HL, nn 

1 SRA 

r 



EX 

AF,AF' 

1 XOR 

A, mem 

1 SUB 

HL,mem 

j SRA 

mem 



EXX 


1 XOR 

r,n 

1 SBC 

HL,rr 

1 SLLA 




EX 

mem,rr 

1 XOR 

mem, n 

1 SBC 

HL ,nn 

1 SLL 

r 



LDI 


1 CP 

A,r 

1 SBC 

HL,mem 

1 SLL 

mem 



LDIR 


1 CP 

A,n 

1 AND 

HL,rr 

i SRLA 




LDD 


1 CP 

A, mem 

1 AND 

HL,nn 

1 SRL 

r 



LDDR 


1 CP 

r ,n 

1 AND 

HL,mem 

1 SRL 

mem 



CPI 


1 CP 

mem,n 

I OR 

HL,rr 

1 RLD 

mem 



CPIR 


1 INC 

r 

1 OR 

HL,nn 

1 RRD 

mem 



CPD 


1 INC 

mem 

1 OR 

HL,mem 

1 BIT 

b,r 



CPDR 


1 DEC 

r 

1 XOR 

HL,rr 

1 BIT 

b ,mem 



ADD 

A.r 

1 DEC 

mem 

j XOR 

HL,nn 

1 RES 

b,r 



ADD 

A, mem 

1 INCX 

(n) 

1 XOR 

HL,mem 

j RES 

b ,mem 



ADD 

r,n 

1 DECX 

(n) 

1 CP 

HL, rr 

1 SET/TSET b,r 



ADD 

mem ,n 

1 DAA 

A 

1 CP 

HL,nn 

j SET/TSET b,mem 



ADC 

A,r 

1 CPL 

A 

1 CP 

HL,mem 

I JP 

cc,mem 



ADC 

A, mem 

1 NEC 

A 

1 ADD 

ix, rr 

1 JR 

cc,PC+d 



ADC 

r,n 

1 LDAR 

HL,PC+dd 

I ADD 

ix,nn 

1 JRL 

PC+dd 



ADC 

mem ,n 

1 CCF 


1 ADD 

ix, mem 

1 CALL 

cc,mem 



SUB 

A,r 

1 SCF 


1 INC 

rr 

j CALR 

PC+dd 



SUB 

A, mem 

1 RCF 


1 INCW 

mem 

1 DJNZ 

[BC,]PC+d 



SUB 

r,n 

1 NOP 


1 DEC 

rr 

j RET 

cc 



SUB 

mem ,n 

i HALT 


1 DECW 

mem 

1 RETI 




SBC 

A,r 

1 DI 


1 RLCA 


1 




SBC 

A,n 

1 El 


! RLC 

r 

1 




SBC 

A, mem 

1 SWI 


1 RLC 

mem 

1 




MPU90-19 











TOSHIBA 


TMP90C840 


Table 3.1 (2) TMP90C840 Mnemoaics and Their Meaning 



Mne¬ 

monic 

1 Meaning 

1 Mne- 
1 monic 

1 Meaning 



LD 

1 Load 

1 MUL 

1 Multiply 



LDW 

1 Load Word 

1 DIV 

1 Divide 



PUSH 

1 Push 

1 INCW 

1 Increment Word 



POP 

1 Pop 

1 DECW 

1 Decrement Word 



LDA 

1 Load Address 

1 RLCA 

1 Rotate Left Circular 



EX 

1 Exchange 

1 

1 Accumulator 



EXX 

1 Exchange X 

1 RLC 

1 Rotate Left Circular 



LDI 

1 Load and Increment 

1 RRCA 

1 Rotate Right Circular 



LDIR 

1 Load, Increment and Repeat 

1 

1 Accumulator 



LDD 

i Load and Decrement 

! RRC 

1 Rotate Right Circular 



LDDR 

1 Load, Decrement and Repeat 

1 RLA 

1 Rotate Left Accumulator 



CPI 

1 Compare and Increment 

1 RL 

1 Rotate Left 



CPIR 

1 Compare, Increment and 

1 RRA 

1 Rotate Right Accumulator 




1 Repeat 

1 RR 

1 Rotate Right 



CPD 

1 Compare and Decrement 

1 SLAA 

1 Shift Left Arithmetic 



CPDR 

1 Compare, Decrement and 

1 

1 Accumulator 




1 Repeat 

1 SLA 

1 Shift Left Arithmetic 



ADD 

1 Add 

1 SRAA 

1 Shift Right Arithmetic 



ADC 

1 Add with Carry 

i 

1 Accumulator 



SUB 

1 Subtract 

1 SRA 

1 Shift Right Arithmetic 



SBC 

1 Subtract with Carry 

1 SLLA 

1 Shift left Logical 



AND 

1 And 

1 

1 Accumulator 



OR 

1 Or 

1 SLL 

1 Shift Left Logical 



XOR 

1 Exclusive Or 

1 SRLA 

1 Shift Right Logical 



CP 

1 Compare 

1 

1 Accumulator 



INC 

1 Increment 

1 SRL 

1 Shift Right Logical 



DEC 

1 Decrement 

1 RLD 

1 Rotate Left Digit 



INCX 

1 Increment if X 

1 RRD 

1 Rotate Right Digit 



DECX 

1 Decrement if X 

1 BIT 

1 Bit Test 



DAA 

1 Decimal Adjust Accumulator 

1 RES 

1 Reset Bit 



CPL 

1 Complement 

1 SET 

1 Set Bit 



NEC 

1 Negate 

1 TSET 

1 Test and Set 



LDAR 

1 Load Address Relative 

1 JP 

1 Jump 



CCF 

1 Complement Carry Flag 

1 JR 

1 Jump Relative 



SCF 

1 Set Carry Flag 

1 JRL 

1 Jump Relative Long 



RCF 

1 Reset Carry Flag 

1 CALL 

1 Call 



NOP 

1 No Operation 

1 CALR 

1 Call Relative 



HALT 

1 Halt 

1 DJNZ 

1 Decrement and Jump if Non 



DI 

1 Disable Interrupt 

1 

1 Zero 



El 

1 Enable Interrupt 

1 RET 

1 Return 



SWI 

1 Software Interrupt 

1 RET I 

1 Return from Interrupt 
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(5) Special operation and CPU control instruction 

Special operations are used to control Register A (DAA, CPL and NEC), 
load the data in a relative address into a register (LDAR), control 
the carry flag (CCF, SCF and RCF), multiply an 8-bit data by an 8-bit 
data and convert the result into a 16-bit representation (MUL), divide 
a 16-bit data by an 8-bit divisor and obtain an 8-bit quotient with an 
8-bit residual (DIV), and to nothing (NOP). 

If a quotient cannot be represented by an 8-bit number (outside the 
0-255. range) or if the divisor is 0 (e.g., "divide 1,000 by 0" or 
"divide 5,000 by 0"), the overflow flag is set to "1". 

CPU control instructions are executed to suspend the CPU operation 
(HALT), enable/disable a maskable interrupt (EI/DI), and to execute a 
software interrupt (SWI). 

(6) 16-bit arithmetic and logical operation instruction 

The 16-bit arithmetic and logical operation instructions perform 
16-bit arithmetic logical operations between the register pair HL and 
another register pair, the register pair HL and immediate address, and 
the register pair HL and memory (ADD, ADC, SUB, SBC, AND, OR, XOR and 
CP), perform an addition between the index registers IX and lY or 
Stack Pointer SP and a register pair, or immediate address and memory 
(ADD), or increment/decrement the contents of a register pair or 
memory by 1 (INC, INCW, DEC, and DECW). 

Note that "ADD HL,rr", "ADD ix,gg", "INC rr" and "DEC rr" result in a 
different flag status. 

(7) Rotate and shift instructions 

The rotate and shift instructions use 8-bit data (RLC, RRC, RL, RR, 
SLA, SRA, SLL and SRL) or binary-coded decimal (BCD) data (RLD and 
RRD) . 

(8) Bit manipulation instruction 

The bit manipulation instructions perform testing, setting and 
resetting a particular bit in a register or memory (BIT, SET and RES). 
A test and reset instruction (TSET) is also available for executing 
multiple tasks. 

(9) Jump, call and return instructions 

A jump instruction can be used, in addition to the register indirect, 
index, register index, and extended addressing modes, in the 8-bit and 
16-bit relative addressing modes. Note, however, that the 16-bit 
relative addressing mode can be used only for an unconditional jump 
instruction. 

A call instruction uses the 16-bit relative addressing mode, as well 
as the register indirect, index, register index, and extended 
addressing modes. Again, 16-bit relative addressing mode is only 
applicable to an unconditional call instruction. 

Return instructions contain unconditional return instruction, 
conditional return instruction and RETI instruction for return back 
from the interrupt processing. 

These instructions pop up the program counter PC and the register pair 
AF from the stack. 16 condition codes and over 16 mnemonics are used 
in these instructions, because certain flags have more than one 
meaning (e.g. Z and EQ, NZ and NE, PE and OV, PO and NOV). 
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In addition to the above instructions, "DJNZ PC+d" and "DJNZ BC,PC+d" 
may be used to control program loops. 

"DJNZ PC+d" decrements the contents of the Register B (8-bit) each 
time the instruction is executed, and executes a relative jump until 
it becomes zero. "DJNZ BC,PC+d" decrements the contents of the 
register pair BC (16-bit), and executes a relative jump until it 
becomes zero. 

Appendix A lists the TMP90C840 machine instructions. The table 
includes the instruction groups, mnemonics, codes, functions, flag 
status and executing time. 

The executing time can be calculated using the value in the "T" 
column, which denotes the number of states. Time for one state is 
equivalent to a time twice as long as the clock oscillation cycle. 
For example, if the clock oscillation frequency is lOMHz, the time for 
one state is 200 ns. 

Executing "LD A,r" at the clock frequency of lOMHz requires two 
states, and thus takes 200ns x 2 = 400ns for the execution. 

Appendix B contains code maps. The TMP90C840 supports 1-byte opcode 
instructions and 2-byte opcode instructions. The 1-byte opcode 
instruction is formatted as follows: 


LD 

A,B 

LD 

A,n 

LD 

HL,mn 

LD 

(w) ,n 

LDW 

(w) ,mn 

JR 

PC+d 

CALL 

mn 


Opcode I 


Opcode 1 

n 1 



Opcode 1 

n 1 

m 1 






Opcode t 

w 1 

n 1 






Opcode 1 

w 

1 n 1 

m 

Opcode 1 

d 1 



Opcode ! 

n 

m 1 
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As shovm in the code format, a 1-byte opcode instruction has an opcode 
in the first byte and operand codes in the subsequent bytes. If there 
are two 1-byte operand codes, the lower operand is placed before the 
upper operand. If both a source and a destination are included as 
operand codes, the destination is placed first. 

A 2-byte opcode instruction begins with the first opcode, followed by 
an operand code specified by the first opcode, then the second opcode 
and its operand code. For example. 


LD 

B,C 

1 1st Op Code 

1 2nd Op Code I 






LD 

B,(n) 

list Op Code 1 

n 12nd 

_0p_ 

Code 




LD 

B, (IX+d) 

list Op Code 1 

d |2nd 

-22_ 

Code 1 




LD 

B,(mn) 

list Op Code 1 

n 1 

m 


2nd Op 

Code 1 


ADD 

B, n 

list Op Code 1 

2nd Op Code| 

n 





ADD 

(VW),n 

list Op Code 1 

w 1 

V 


2nd Op 

Code 1 

n 


In a 2-byte opcode instruction, the position of the second opcode is 
determined by the first opcode. Basically, the first opcode in a 
2-byte opcode instruction provides data to select the mode of 
addressing the operand in the range of EOH to FEH. The first operand 
code that follows the first opcode serves to specify the memory 
addressing mode. The second operand code that follows the second 
opcode specifies the immediate addressing mode. Their roles can be 
summarized as follows; 


II II I 

I 1st opcode list operand code I 2nd opcode | 2nd operand code 


< 


Specify 
addressing 
mode 


>,<- 


Specify 

memory 

addressing 


->.< 


Specify 




Specify im- ^| 


instruction! mediate ad¬ 
dressing 
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3.2 Basic Timing 

Each instruction of the TMP90C840 is executed by combination of read, 
write and dummy cycles. These are basic cycles that synchronize with 
the system clock. 1/2 of the frequency of the clock oscillation is used 
as the system clock; e.g., if the clock frequency is 10 MHz, the 
frequency of the system clock is 5 MHz. The system clock cycle is also 
called a "state". 

The TMP90C840 bus operation are basically synchronous, and each of 
memory read, memory write and dummy cycles is completed in two states, 
unless they are not requested to wait. 

The "CLK" pin generates a pulse at a frequency that further halves the 
frequency of the system clock. This CLK signal synchronizes with the 
bus cycles with no wait request. 


3.2.1 Read/Write cycles 

Fig. 3.2. (1) is a timing chart of external memory read/write cycles. 
The left side shows the bus operation timing with no wait request, and 
on the right side shows that with a 2-state wait request. 

Each wait consists of a multiple of two states, making a bus cycle 
wait for two, four, six, eight states, etc. ... 

State 


XI 1 

CLK 

1 


s 

1 

1 

1 


B 

1 

a 


s 

1 

B 

E 

■ 

E 

■ 

E 

■ 










Ag!> ~ 19 

Read 

Cycle 

~ 7__ 













Bi 


■■ 

1 

B 

■ 

B 

■ 

1 

B 


■ 

■ 


■ 

B 

^9 


■ 

1 


■ 

■ 

■ 

■ 

■ 

B 

H 

WR — 

Write 

Cycle 

[d<^ ~ 1 — 

■ 

1 

1 

■ 


■ 

1 

1 

i 

1 

i 

i 

i 











_: 


bh 

1 Out 





IH 

■i 





WAIT_: 



j 


— — 

P 

P 

51 

B 


— 

BE 


— 


Fig. 3.2.(1) Timing of External Memory Read/Write Cycles 
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The TMP90C840 CPU has a wait control register (WAITC) that controls 
waits by using software. The configuration of this register is shown 
in Fig. 3.2 (2). 


7 6 5 4 3 2 1 0 


P3CR 

(FFC7H) 


WAITC 


I 

RDE I ODE 

I 


TXDC 


RXDC 


2-state wait 
Normal wait 
No wait 
Reserved 


See "3.5.4 Port 3". 


Fig. 3.2 (2) Wait Control Register 


This register is assigned to the bits 6 and 7 of the memory address 
FFC7H in the internal I/O register area (the other bits are used for 
controlling other functions). It is reset, to "00", whereby the 
register is placed in the 2-state wait mode. 

In the "2-state wait mode", only the first wait in a bus cycle is 
sampled, and all subsequent waits are ignored. 

In the "normal wait mode", all wait requests are sampled. The "no 
wait mode" ignores all waits. 


3.2.2 Dummy cycles 

The timing of dummy cycles is shown Fig.__3.2 (3). All through the 
dummy cycles, the level of both the RD and WR signals remains at "1" 
and wait requests are ignored, with the address bus being undefined. 

A dummy cycle is also called an "internal operating cycle". The bus 
cycle becomes the dummy cycle when the CPU reads or write the data 
from/to the internal memory or internal I/O area. 


XI 

CLK ___ 

Ln 

J^ 

r- 

s\ 

'S\ 

j 




c 

Ad - 19 __ 

cz 




_ 





RD ■“ 






WR — 

Dd - 7 — 

B 

B 

B 

B 

— 

WAIT 













Fig. 3.2 (3) Timing of Dummy Cycles 
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3.2.3 Interrupt Acknowledge Timing 

Fig. 3.2 (4) shows the basic timing of interrupts being acknowledged. 
An interrupt request may be sampled by the CPU at the falling edge of 

the CLK signal in the last bus cycle of each instruction^_Note, 

however, that the sampling of a non-maskable interrupt (NMI) is 
delayed a half the system clock cycle. 

When an interrupt request is acknowledged, the CPU starts an interrupt 
response sequence that proceeds as follows; 1) A read cycle (In this 
cycle, the read data is not used in the CPU because the pipeline 
processing prefetches instructions. The pipeline processing is 
described in ”3.2.6 Bus Operation for Executing Instructions".), 2) 
two dummy cycles (the CPU receives an interrupt vector from an 
internal interrupt controller), 3) output of the interrupt vector 
(OOOH for the upper address locations A8 to A19) and read out of the 
dummy cycle, 4) one dummy cycle, 5) saving the contents of the program 
counter PC and those of the register pair AF into the stack (four 
write cycles), and 6) the CPU resets the interrupt enable flag IFF to 
"0" (to disable interrupts) and jumps to the interirupt processing 
routine. 

If a "micro DMA processing" is specified as the interrupt, the CPU 
follows the sequence to be described in "3.3.2 Micro IMA processing". 
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3.2.4 Reset 

The basic timing of the reset operati on is indicated in Fig. 3.2 (5). 
In order to reset the TMP90C840, the RESET input must be maintained at 
the "0" level for at least ten system clock cycles (10 states). When 
a reset request is accepted, all I/O ports (Port 0/data bus DO to D7, 
Port 1/address bus AO to A7, Port 2/address bus A8 to A15, Port 6 and 
Port 7) function as input ports (high impedance state). The RD, WR 
and CLK pins that always function as output ports turn to the "1" 
level, and the other input ports (P32, P33, Port 4/address bus A16 to 
A19 and P83) turn to the "0" level. The dedicated input ports remain 
unchanged. The registers and external memory of the CPU also remain 
unchanged. Note, however, that the program counter PC, the interrupt 
enable flag IFF and the bank registers BX and BY are cleared to "O”. 
Register A shows an undefined status. 

When the reset is cleared, the CPU starts executing instructions from 
the address OOOOH. 



Fig. 3.2 (5) Reset Timing 
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3.2.5 System flowchart 

Fig. 3.2 (6) is a system flowchart of the TMP90C840. A normal 
operation repeats a loop between ''Fetch instruction" and "Execute 
instruction". 

When an interrupt is acknowledged, the CPU proceeds to "Interrupt 
processing". Executing the return instruction RETI makes the CPU 
return to the address that follows the address of the SWI instruction 
in the same way as the SWI instruction is executed under software 
control. 

When a HALT instruction is executed, the CPU suspends the operation 
until an interrupt is requested. When the interrupt is acknowledged, 
the CPU starts the interrupt processing. However, when a maskable 
interrupt is requested with the interrupt enable flag at "0" 
(interrupts are disabled), the CPU only releases the HALT state and 
starts executing an instruction that follows the HALT instruction. 

For details of the interrupt processing, refer to "3.3 Interrupt 
Function". The timing of releasing the HALT state is described in 
"3.4 Standby Fun ction ". 

By set ting the RESET input level to "0", the CPU always returns to 
"RESET" start position without regard to its current position in the 
flowchart. 
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3.2.6 Bus operation for executing instructions 

The TMP90C840 adopts a pipeline processing method in which it executes 
an instruction simultaneous with the next instruction fetch. The 
concept of this processing is illustrated in Fig. 3.2 (7). 


Address 


100 


101 


102 


I Fetch instruc- | Execute in- 
I tion in address| struction in 
I 100_I address 100 


I Fetch instruc- | Execute in- 
I tion in address| strcution in 
I 101_I address 101 


I Fetch instruc- I 
I tion in address| 

I 102_I 


Fig. 3.2 (7) Pipeline Processing 


This pipeline processing allows the TMP90C840 to obtain a higher 
executing speed than the conventional method that fetches the next 
instruction after the previous instruction is executed. The bus 
operation for each instruction begins with "fetching a code in the 
address that follows the first instruction code", and not with 
"fetching the first instruction code". The first instruction code is 
fetched when the CPU is executing the previous instruction. An 
example of this processing is shown in Fig. 3.2 (8). 


Address | INC A | LD B,A | ADD A.n | n | DEC H | 


CPU 


Execute | Execute | Execute I Execute | Execute | 

INC A I LD B,A I internal! ADD A,n j DEC H I 

_I_ I operat ion j _|_|_ 




-> <. 


> <- 


I INC A 'I'LD B,A 
Bus Bus 

operation operation 


ADD A,n 
Bus operation 


>!<■ 


-> 


DEC H 
Bus 

operation 


Fig. 3.2 (8) Pipeline Processing and Bus Operation 
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Table 3.2 is a list of the bus operations for each instruction. Their 
cycles (read, write or dummy) are indicated by symbols in the table. 
Each bus cycle is represented by a single symbol (a character string 
with one to three characters length) and delimited by a colon 
The bus operations should be read from the left to right. 

A capital letter denotes an effective bus cycle, and a small letter (n 
or d) denotes an invalid bus cycle. For example, data read out in the 
read cycle of the "n” bus operation have no effect on the CPU 
operation, and are ignored. The symbol "d" represents an internal 
operation cycle that involves no read or write of memory. 


Table 3.2 Bus Operations for Executing Instructions 
Meaning of symbols 


Symbol 


Data Bus 

1 Address Bus I 

N 

1 Next 

Code 

Read 

1 Next Op Code Address | 

n 

1 Next 

Code 

Read(dummy) 

1 Next Op Code Address I 

1 1 

1 1st 

Code 

Read 

I Jump/Call/Return Address | 

2 

1 2nd 

Code 

Read 

1 Op Code Address+1 | 

3 

1 3rd 

Code 

Read 

1 Op Code Address+2 I 

4 

1 4th 

Code 

Read 

1 Op Code Address+3 j 

5 

1 5th 

Code 

Read 

1 Op Code Address+4 I 

1 6 

1 6 th 

Code 

Read 

1 Op Code Address+5 I 

! d 

1 Dummy (No 

Read/Write) 

1 Undefined | 

1 R 

1 1st 

Data 

Read 

1 1st Data Address | 

1 R+1 

1 2nd 

Data 

Read 

1 2nd Data Address | 

1 w 

i 1 St 

Data 

Write 

1 1st Data Address | 

W+1 

1 2nd 

Data 

Write 

1 2nd Data Address | 
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1. 8-BIT LOADS 


Mnemonic 


LD 


2. 16-BlT LOADS 


Mnemonic 


LD HL.rr 
rr.HL 
rr.gg 
rr.mn 


rr, (ix+d) 
rr,(HL+A) 


(ix+d),rr 
(HL+A).rr 


Bus Operation 

N 







N 







2 

N 






2 

N 






2 

d 

R 

N 




2 

R 

N 





2 

d 

O 

0 

R 

N 



2 

d 

d 

d 

d 

R 

N 

2 

3 

4 

R 

N 



2 

3 

R 

N 




2 

d 

N 

W 




2 

N 

W 





2 

d 

3 

N 

N 



2 

d 

d 

d 

d 

N 

N 

2 

3 

4 

N 

W 



2 

o 

0 

N 

N 





16-BIT LOADS(Continued) 


Bus Operation 


N;d 
N:d 
2:N;d 
2:3:N 

2:d:R:‘R+T:‘N’‘ 
2;R:R+1:N 
2:d:3;R:R+1:N 
2:d:d:d:d:R:R+1:lii 
2:3:4;R:R+1:N 
2:3:R:R+1;N 


2 

d 

N 

W 

W+1 

2 

N 

W 

W+1 

2 

d 

3 

N 

W:W+1 

2 

d 

d 

d 

d:N:W:W+1 

2 

3 

4 

N 

W;W+1 

2 

3 

N 

V) 

W+1 



Mnemonic 

Bus Operation 

LDW 

(gg).mn 

2;3:4;N:W:Wri 


(ix+d),mn 

2;d:3;4:5;N;W:W+1 


(HL+A),mn 

2;d:d:d:d:3;4:N; 

W:W+1 


(vw),mn 

2:3:4:5;6:N:W:W+1 


(w),mn 

2:d:3:4:N:W:W+1 

PUSH 

qq 

N:d;(SP-1)<-qqH: 

(SP-2)^qqL 

POP 

qq 

n; qqL^(SP): 
qqH-(SP+1): 
d:N 


2;d:3:N:d 

2:d:d:d;d:N:d 



3. EXCHANGES. 

BLOCK TRANSFERS 


AND SEARCHES 


Mnemonic 

Bus Operation 

EX DE.HL 

N 

EX AF.AF' 

N 

EXX 

N 

EX (gg).rr 

2:R:R+1: 

d;W:l«l+1;N 

(ix+d),rr 

2;d:3;R:R+l: 

d;W:W+1:N 

(HL+A),rr 

2;d:d;d;d:R;R+1; 

d:W:W+1:N 

(mn),rr 

2;3:4:R:R+1: 

d:W:W+1:N 

(n),rr 

2:3:R:R+1: 

d:W:M+1:N 

m/m 

2:n:R:W:d:d:N 

LDIR/LDDR repeat 

2:n:R:W:d;d:d:d:1 

end 

2;n:R:W:d;d:N 

CPT/CPD 

2;n:R:d:d:d;N 

CPIR/CPDR repeat 

2:n:R:d:d:d:d:d;1 

end 

2:n:R:d:d:d;N 
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4. 8-BIT ARITHHETIC 5. SPECIAL FUNCTIONS 


AND LOGIC OPERATIONS 


Mnemonic 

Bus Operation 

ADD/ADC/SUB/SBC/ 

AND/OR/XOR 

A,g 

A, n 

A,(gg) 

A,(ix+d) 

A, (HL^A) 

A, (mn) 

A. (n) 

2;N 

2;N 

2:R:N 

2:d;3:R:N 

2;d;d;d:d:R;N 

2:3;4;R;N 

2:d:R;N 

g.n 

(gg).n 
(ix+d),n 
(HL+A),n 
(vw),n 
(w), n 

2;3;N 

2:3:R:N:W 

2:d:3:4:R:N:W 

2:d;d:d:d:3;R:N:W 

2:3:4:5:R:N:W 

2;3;4:R;N:W 

CP A.g 

A, n 

A.(gg) 

A,(ix+d) 

A. (HL+A) 

A, (ran) 

A. (n) 

2:N 

2:N 

2:R:N 

2:d:3:R:N 

2:d:d:d:d:R:N 

2:3;4:R:N 

2;d:R:N 

g. n 

(gg),n 

(ix+d),n 

(HL+A),n 

(vw),n 

(w),n 

2:3:N 

2:3:R:N 

2:d:3:4:R:N 

2:d:d:d:d:3:R:N 

2:3:4:5:R:N 

2:3:4:R:N 

INC/DEC r 

(gg) 

(ix+d) 

(HL+A) 

(ran) 

(n) 

N 

2:R:N:W 

2:d:3:R:N:W 

2:d:d;d;d:R;N:W 

2:3:4:R:N:W 

2:d:R:N:W 

INCX/DECX (n)true! 

2;d:R:N:W 

1 


false 2:d;N 


Hneraonic 

Bus Operation 

DAA A 

N:d 

CPL/NEG A 

N 

LDAR HL,PC+cd 

2:3:N:d 

CCF/SCF/RCF 

N 

NOP 

N 

HALT 

N:d 

DI/EI 

N 

SWI 

n:d:d:1:d: 
(SP-1)<-PCH: 
(SP-2)^PCL; 
(SP-3)<-A: 
(SP-4)+-F; 

1 

HUL/DIV HL,g 

2;n:d:d:d:d:d;d:N 

HL,n 

2:d:d;d;d:d:d:N 

HL,(gg) 

2:R:d:d:d: 

d:d:d:N 

HL,(ix+d) 

2:d:3:R:d;d:d: 

d:d:d:N 

HL.(HL+A) 

2:d:d:d:d:R;d:d: 

d:d:d:d:N 

HL,(mn) 

2:3:4:R:d:d:d: 

d;d;d;N 

HL.(n) 

2:3:R:d:d:d: 

d:d;d:N 
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6. 16-BIT ARITHMETIC 
AND LOGIC OPERATIONS 


Mnemonic 

Bus Operation 

ADD/ADC/SUB/SBC/ 

AND/OR/XOR/CP 


HL.gg 

2;N;d;d 

HL.mn 

2:3:N 

HL.(gg) 

2:R:R+1:N 

HL.(ix+d) 

2:d:3;R:R+1:N 

HL,(HL+A) 

2:d:d:d:d:R:R+1;N 

HL.(mn) 

2;3;4:R;R+1:N 

HL,(n) 

2;d:R;R+1:N 

ADD ix.gg 

2:N:d:d 

ix.mn 

2;3:N 

ix,(gg) 

2:R:R+1:N 

ix,(jx+d) 

2:d:3:R:R+1;N 

ix,(HL+A) 

2:d:d:d:d:R:R+1;N 

ix.(mn) 

2:3:4:R:R+1;N 

ix,(n) 

2:3;R:R+1:N 

INC/OEC rr 

N:d 

INCW/DECW (gg) 

2;R;R-1; 

N:W:W+1 

(ix+d) 

2;d:3:R:R+1: 

N:W:W+1 

(HL+A) 

2:d:d:d:d:R;R+l: 

N;W:W+1 

(mn) 

2;3:4:R:R+1: 

N:W:W+1 

(n) 

2:d:R:R+1: 

N:W:W+1 


7. ROTATES AND SHIFTS 


Mnemonic 

Bus Operation 

RLC/RRC/RL/RR/ 


SLA/SRA/SLL/SRL 


A 

N 

g 

2;N 

(gg) 

2:R;N;W 

(ix+d) 

2;d:3:R:N:W 

(HL+A) 

2:d;d:d:d:R:N:W 

(ran) 

2:3;4:R:N:W 

(n) 

2:3:R:N:W 

RLD/RRD (gg) 

2:R;d;d:N;W 

(ix+d) 

2:d:3:R:d:d;N:W 

(HL+A) 

2:d;d:d;d; 


R:d:d:N:W 

(ran) 

2:3:4:R:d:d;N:W 

(n) 

2:3;R;d:d:N:W 


8. BIT OPERATIONS 

Mnemonic 


Bus 

Operation 

BIT b,g 

2 

N 



b.(gg) 

2 

R:N 



b, (ix+d) 

2 

d;3 

R:N 


b. (HL+A) 

2 

d:d 

d:d 

R:N 

b, (mn) 

2 

3:4 

R:N 


b, (n) 

2 

d:R 

N 


SET/RES b.g 

2 

N 



b.(gg) 

2 

R:N 

d:W 


b,(ix+d) 

2 

d:3 

R:N 

d:H 

b. (HL+A) 

2 

d:d 

d:d 




R:N 

d:W 


b, (mn) 

2 

3:4 

R:N 

d:W 

b. (n) 

2 

d:R 

N:d 

W 

TSET b.g 

2 

N:d 

d 


i b. (gg) 

2 

R:N 

d:d 

W 

b, (ix+d) 

2 

d:3 

R:N 

d:d:W 

b, (HL+A) 

2 

d:d 

d:d 




R:N 

d:d 

W 

b, (mn) 

2 

3:4 

R:N 

d:d:W 

b. (n) 

2 

3:R 

N:d 

d:W 
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9. JUMPS,CALLS AND 


Mnemonic 


JP cc,gg tru 
fa Is 
cc. ix+d tru 
false 
cc.HL+A true 



cc, mn 

false 

true 

false 

JR 

cc,PC+ 

d true 

false 

JP 

mn 


JRL 

PC+cd 


CALL cc,gg 

true 


CALL mn 


CALR PC-cd 


fa Is 
cc, ix+d tru 


fa Is 
cc,HL+A tru 


fals 
cc, mn tru 


RETURNS 


Bus Operation 


2:n;d:1 

2:N:d 

2:d:3:n;d:1 

2:d:3:N:d 

2:d;d;d:d:n;d;1 

2:d:d:d:d;N;.d 

2:3:4;n:d:1 

2:3:4:N:d 

2:n:d:1 

2:N 


2;3:d:1 

2;3;d:d;1 


2;n;d:d: 

(SP-1)+-PCH: 

(SP-2)^PCL: 

1 

2;N:d 

2:d:3:n:d:d: 

(SP-1)<-PCH; 

(SP-2)+“PCL: 

1 

2:d:3:N:d 

2:d:d:d:d:n:d:d; 

(SP-D^PCH: 

(SP-2)^PCL: 

1 

2:d:d:d:d;N:d 

2:3:4:n:d:d: 

(SP-1)+-PCH: 

(SP-2)^PCL: 

1 

2:3:4;N;d 


2;3:d;d; 

(SP-1)<-PCH 

(S?-2)^PCL 

1 

2:3;d:d:d: 

(GP-1)+-PCH 

(SP-2)<-PCL 

1 


Mnemonic 


Bus Operation 


DJNZ PC+d true 

false 
BC,PC+d true 
false 

2;d;d:d:1 

2:d;d:d;N 

2:d;d:d:1 

2:d:d;d:N 

RET 

RET CC true 

false 

ri: 

PCL<-(SP): 

PCH^(SP+1): 

d:1 

2:n:d: 

PCL^(SP); 

PCH^(SP+1): 

d:1 

2;N;d 

RETI 

n; 

F<-(SP): 

A+-(SP+1); 

PCL+-(SP+2); 

PCH+-(SP+3): 

d:1 
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). INTERRUPT 


MODE I Bus Operation 


NORMAL INTERRUPT n+1 :(l;d:1 :d; 

(SP-D-PCH: 

(SP-2)<-PCL: 

(8P-3)^A: 

(SP-4)<-E: 


MICRO DMA 


if COUNT’=0 
then execuK 


n+1: d: d: d; 
DSTL^(FF00H+V+1): 
DSTH^(FF00H+V+2): 
SRCL^(FF00H+V+3): 
SRCH^(FF00H+V+4): 
CHD ♦-(FFOOH+V+5): 
TEMP<-(SRC): 

(DST) ^TEMP; 

TEHP^ (SRC-1) / d: 
(DST+1) ^TEHP / d: 
d: 
d: 

(FFOOH+V+4) ♦-SRCH’ 
(FFOOH+V+3) ^SRCL’ 
(FFOOH+V+2) ^DSTH’ 
(FFOOH+V+1) -DSTLV 
COUNT ^(FFOOH+V): 
d: 

(FFOOH+V) ^COUNT’; 
N 


d:d:d: 

(SP-D^PCH: 

(SP-2)-PCL: 

(SP-3)^-A: 

(SP-4)^F; 

1 
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3-3 Interrupt Functions 

The TMP90C840 supports a general purpose interrupt processing mode to 
acknowledge internal and external interrupt requests, as well as a micro 
DMA processing mode that enables automatic data transfer by the CPU. 
Immediately after the reset state is released, all interrupt requests 
are processed in the general purpose interrupt processing mode. 
However, they can be processed in the micro DMA processing mode by using 
a DMA enable register to be described later. 

Fig. 3.3 (1) is a flowchart of the interrupt response sequence. 



Fig. 3.3 (1) Interrupt Response Flowchart 


When an interrupt is requested, the source of the interrupt transmits 
the request to the CPU via an internal interrupt controller. The CPU 
starts processing the interrupt if it is a non-maskable or maskable 
interrupt requested in the El state. However, a maskable interrupt 
requested in the DI state is ignored and acknowledged. 

Having acknowledged an interrupt, the CPU reads out the interrupt vector 
from the internal interrupt controller to find out the interrupt source. 
Then, the CPU checks if the interrupt requests the general purpose 
interrupt processing or the micro DMA processing, and proceeds to each 
processing.. 

As the reading of an interrupt vecotors is performed in the internal 
operating cycles, the bus cycle at that time results in dummy cycles. 


3.3.1 Normal interrupt processing 

A normal interrupt is processed as shown in Fig. 3.3. (2). 

The CPU stores the contents of the program counter PC and the register 
pair AF into the stack, and resets the interrupt enable flag IFF to 
"0" (disable interrupts). It then transfers the value of the 
interrupt vector "V" to the program counter, and the processing jumps 
to an interrupt processing program. 
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The overhead for the entire process from accepting an interrupt to 
jumping to an interrupt processing program is 20 states. 



Fig. 3.3 (2) General Purpose Interrupt Processing Flowchart 


An interrupt processing program ends with a RETI instruction. 

When this instruction is executed, the data previously stacked from 
the program counter PC and the register pair AF are restored. 

After the CPU reads out the interrupt vector, the source of an 
interrupt requested acknowledges that the CPU accepts the request, and 
clears the request. 

A non-maskable interrupt cannot be disabled by programming. A 
maskable interrupt, on the other hand, can be enabled or disabled by 
programming. An interrupt enable flip flop (IFF) is provided on the 
bit 5 of Register F in the CPU. The interrupt is enabled or disabled 
by setting IFF to "1" by the El instruction or to *'0" by the DI 
instruction, respectively. IFF is reset to ”0" by the reset operation 
or the acceptance of any interrupt (including non-maskable interrupt). 
The El instruction is executed after the subsecuent instructions is 
executed. 
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Table 3.3 (1) lists the possible interrupt sources. 
Table 3.3 (1) Interrupt Sources 


1 Priority| 

1 order | 

Type 

1 Interrupt source 


1 

1 Vector 
1 value 

1 

1 

1 

1 Start ad- 
Idress of 

1 general 

1 purpose 

1 interrupt 

1process- 
1 ing 

iStart ad- 
1 dress of 

1 Mico IMA 

1 processing 

1 parameter 

I 

1 

1 1 1 

Non 

1 SWI instruction 


1 lOH 

i OOlOH 

1 

1 2 1 

maskable 

|NMI(Input from NMI pin 

) 

1 18H 

1 0018H 

1 

1 3 1 


1 INTWD (watchdog) 


1 20H 

1 0020H 

1 

1 4 1 


1 INTO (External input 

0) 

1 28H 

0028H 

1 FF28H 

1 5 1 


1 INTTO (Timer 0) 


1 30H 

1 0030H 

i FF30H 

i 6 1 


1 INTTl (Timer 1) 


1 38H 

1 0038H 

1 FF38H 

1 7 1 


1 INTT2 (Timer 2) 


1 40H 

1 0040H 

1 FF40H 

1 7 1 


1 INTAD (A/D Converter) 


1 40H 

1 0040H 

1 FF40H 

1 8 1 

Maskable 

1 INTT3 (Timer 3) 


1 48H 

1 0048H 

1 FF48H 

1 9 i 


1 INTT4 (Timer 4) 


1 50H 

1 0050H 

1 FF50H 

1 10 1 


1 INTI (External input 

1) 

1 58H 

1 0058H 

i FF58H 

1 11 1 


1 INTT5 (Timer 5) 


1 60H 

1 0060H 

1 FF60H 

1 12 1 


1 INT2 (External input 

2) 

1 68H 

1 0068H 

1 FF68H 

1 13 1 


1 INTRX (End of serial 


1 70H 

1 0070H 

1 FF70H 



1 receiving) 



1 

1 

1 14 1 


1 INTTX (End of serial 


1 78H 

1 0078H 

1 FF78H 



1 transmission) 


i 

1 

1 


(Note) Either INTT2 or INTAD is selected by software. 

The "priority order" in the table is the order of the interrupt source 
used by the CPU for accepting more than one interrupt requested at one 
time. 

If interrupt of fourth and fifth orders are requested simultaneously, 
for example, an interrupt of the "5th" priority is acknowledged after 
a "4th" priority interrupt processing has been completed by a RETI 
instruction. However, a lower priority interrupt can be acknowledged 
immediately by executing an El instruction in a program that processes 
a higher priority interrupt. 

The internal interrupt controller merely determines the priority of 
the sources of interrupts to be acknowledged by the CPU when more than 
one interrupt are requested at a time. It is, therefore, unable to 
compare the priority of interrupt being executed with the one being 
reqnested. 


3.3.2 Micro DMA processing 

Fig. 3.3 (3) is a flowchart of the micro DMA processing. Parameters 
(addresses of source and destination, and transfer mode) for the data 
transfer between memories are loaded by the CPU from an address 
modified by an interrupt vector value. After the data transfer 
between memories accroding to these parameter, these parameters are 
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updated and saved by the CPU into the original locations. The CPU 
then decrements the number of transfers, and completes the micro EMA 
processing unless the result is "0". 

If the number of transfer becomes "0", the CPU proceeds to the general 
purpose interrupt handling described in the previous chapter. 



Fig. 3.3 (3) Micro DMA Processing Flowchart 


The micro DMA processing is performed by using only hardware to 
process interrupts mostly completed by simple data transfer. The use 
of hardware allows the micro DMA processing to handle the interrupt in 
a higher speed than the conventional methods using software. The CPU 
registers are not affected by the micro IMA processing. 

Fig. 3.3.(4) shows the functions of parameters used in the micro DMA 
processing. 
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FFOOH+V+0 : | Number of transfer 


FFOOH+V+1 

FFOOH+V+2 

FFOOH+V+3 


I Destination address (Lower) 


I Destination address (Upper) 


I Source address (Lower) 


FFOOH+V+4 ; 

FFOOH+V+5 : 


(Note) 


Source 

address 

(Upper) 



7 

6 

5 

4 

3 2 

1 

0 

X 1 

X 1 

X 

1 X 1 

X i 1 


1 


1 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 


(Transfer mode) 


Fix current destina¬ 
tion/source addresses 
Increment destination 
address 

Increment source ad¬ 
dress 

Decrement source ad¬ 
dress 


X : don't care 


0 = 1-byte transfer 
1 = 2-byte transfer 


Fig. 3.3 (4) Parameters for Micro DMA Processing 


Parameters for the micro DMA processing are located in the internal 
RAM area (See Table 3.3 (1) Interrupt Sources). The start address of 
each parameter is "FFOOHH + interrupt vector value", from which a six 
bytes' space is used for the parameter. This space can be used for 
any other memory purposes if the micro DMA processing is not used. 

The parameters normally consist of the number of transfer, addresses 
of destination and source, and transfer mode. The number of transfer 
indicates the number of data transfer accepted in the micro DMA 
processing. 

The amount of data transferred by a single micro DMA processing is 
limited to one or two bytes. Both the destination and source 
addresses are specified by 2-byte data. The address space available 
for the micro DMA processing ranges from OOOOH to FFFFH. 

Bits 0 and 1 of the transfer mode indicates the mode updating the 
source and/or destination, and the bit 2 indicates the data length 
(one byte or two bytes). 
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Table 3.3 (2) shows the relation between the transfer mode and the 
result of updating the destination/source addresses. 


Table 3.3 (2) Addresses Updated by Micro DMA Processing 


Transfer 

mode 

1 

1 


Function I 

Destination] 
address ] 

Source ] 
address] 

000 

1 1-byte 

1 

transfer’ 

Fix the current source/ 1 
destination addresses | 

0 ] 

1 

0 ] 

001 

1 1-byte 

1 

transfer 

Increment the destination] 
address | 

+ 1 1 

1 

0 ] 

010 

1 1-byte 

1 

transfer 

Increment the source I 

address j 

0 ] 

1 

+ 1 1 

Oil 

1 1-byte 

1 

transfer 

Decrement the source j 

address j 

0 ] 

1 

- 1 1 

100 

1 2-byte 

1 

transfer 

Fix the current source/ I 
destination addresses | 

0 1 
] 

0 ] 

101 

1 2-byte 

1 

transfer 

Increment the destination] 
address 1 

+ 2 ] 

1 

0 ] 

110 

1 2-byte 

1 

transfer 

Increment the source ] 

address ] 

0 ] 

1 

+ 2 1 

111 

1 2-byte 

1 

transfer 

Decrement the source ] 

address ] 

0 ] 

1 

- 2 ] 


In the 2-byte transfer mode, data are transferred as follows: 

(Destination address) <- (Source address) 

(Destination address+1) <- (Source address+1) 

Similar data transfers are made in the modes that "decrement the 
source address", but the updated results are different as shown in the 
table 3.3 (2). 

Fig. 3.3 (5) shows an example of the micro DMA processing that handles 
data receiving of internal serial I/O. 

This is an example of executing "an interrupt processing program after 
serial data receiving" after receiving 7-frame data (Assume 1 frame = 
1 byte for this example) and saving them into the memory addresses 
from FFOOH to FF06H. 
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; Initial setting for serial receiving 


CALL 

SIOINIT 


SET 

1,(FFE6H) ; 

Enable an interrupt for serial data 

SET 

1,(FFE8H) ; 

receiving. 

Set the micro DMA processing mode for the 

LD 

(FF70H),7 ; 

interrupt. 

Set the number of transfer = 7 

LDW 

(FF71H),FF00H ; 

Set FFOOH for the destination address. 

LDW 

(FF73H).FFEBH ; 

Set FFEBH for the source (serial 

LD 

(FF75H),1 ; 

receiving buffer) address. 

Set the transfer mode (1-byte transfer: 

El 

ORG 

0070H 

Increment destination address). 


I Interrupt processing program 
I after serial data receiving 


REETI 

Fig. 3.3 (5) Example of Micro DMA Processing 



The bus operation in the general purpose interrupt processing and the 
micro DMA processing is included in "Table 3.2 Bus Operation for 
Executing Instructions" in the previous section. 

The micro DMA processing time (when the number of transfer is not 
decremented to 0) is 46 states without regard to the 1-byte/2-byte 
transfer mode. 

Figure 3.3 (6) shows the interrupt processing flowchart. 
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General-Purpose 

Interrupt 

Processing 



COUNT COUNT-i Micro-DMA Processinc 


Fig. 3.3 (6) Interrupt Processing Flowchart 
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3.3.3 Interrupt controller 

Fig. 3.3 (8) outlines the interrupt circuit. The left side of this 
figure represents an interrupt controller, and the right side 
comprises the CPU's interrupt request signal circuit arid HALT release 
signal circuit (See "3.4 Standby Function" for the HALT operation). 

The interrupt controller consists of Interrupt Request Flip-flops, 
interrupt enable flags, and micro DMA enable flags allocated to each 
of 14 channels. The Interrupt Request Flip-flops serve to latch 
interrupt requests from peripherals. Each flip-flop is reset to "0" 
when a reset or interrupt is acknowledged by the CPU and the vector of 
the interrupt channel is read into the CPU, or when the CPU executes 
an instruction that clears a request to interrupt that channel (write 
"vector divided by 8" into the memory address FFC3H). For example, by 
executing 

LD (FFC3H), 58H/8, 

the Interrupt Request Flip-flops for the interrupt channel "INTI" 
whose vector is 58H is reset to "0". 

The status of an Interrupt Request Flip-flops is found out by reading 
the memory address FFC2H or FFC3H. "0" denotes there is no interrupt 
request, and "1" denotes that an interrupt is requested. Fig. 3.3 (7) 
illustrates the bit configuration indicating the status of Interrupt 
Request Flip-flops. 


IRFL 1 - 

1 IRFO 

1IRFTO 

IRFTl1 

- 

j EXT IPICR iPOCR 

(FFC2H) 

1 

1 

1 


1 


1 

1 

1 

1 

1 

1 

1 

i 

1 


1 

See "3.5.2 Port 1" 


1 

1 

1 

1 

1 

1 R 

_> 

INTTl request flag 


1 

l_ 

R 

_> 

INTTO request flag 


1 


R 

—> 

INTO request flag 


IRFH I IRFT2IIRFT3IIRFT4IIRFl |IRFT5IIRF2 |IRFRX|IRFTX | 

(FFC3H) 

I 

I R \ INTTX request flag 
R ^ INTRX request flag 
R ^ INT2 request flag 
R \ INTT5 request flag 
R \ INTI request flag 
R ^ INTT4 request flag 
R ^ INTT3 request flag 
R ^ INTT2/INTAD request 
flag 

(Caution) Writing "vector divided by 8" into the memory address FFC3H 
clears the Flip-flop for the specified interrupt request. 

Fig. 3.3 (7) Configuration of Interrupt Request Flip-flops 
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The interrupt enable flags provided for all interrupt request channels 
are assigned to the memory address FFE7H or FFE8H. Setting any of 
these flags to "1" enables an interrupt of the respective channel. 
These flags are initialized to "0" by resetting. 

The micro DMA enable flag also provided for each interirupt request 
channel is assigned to the memory address FFE6H or FFE7H. The 
interrupt request for each channel is placed in the micro DMA 
processing mode by setting this flag to "1". This flag is initialized 
to ”0." (general purpose interrupt processing mode) by resetting. 

Fig. 3.3. (9) shows the bit configuration of the interrupt enable 
flags and micro DMA enable flags. 

Interrupt by Timer 2 (INTT2) and that by A/D converter (INTAD) use a 
common interrupt request channel. The interrupt controller first 
accepts INTT2 after a reset. INTAD can be used by setting the 
"INTT2/INTAD selection bit” (ADIS: Bit 3 of memory address FFE7H) to 

!l 2 


Attention should be paid to the following three modes having special 
circuits: 


INTO Level 

mode 

1 If INTO is not an edge-based interrupt, the 

1 function of Interrupt Request Flip-flop is 

1 cancelled. Therefore the interrupt request 
i signal must be held until the interrupt 

1 request is acknowledged by the CPU. A change 

1 in the mode (between edge and level) automat- 
1 ically clears the interrupt request flag. 

INTAD' level 

mode 

1 The Interrupt Request Flip-flop can be cleared 

1 only by resetting or reading the register that 

1 stores A/D conversion value, and cannot be 

1 cleared by an instruction. A change in the 

1 interrupt source (between INTAD and INTT2) 

1 automatically clears the interrupt request 

1 flag. 

INTRX level 

mode 

1 The Interrupt Request Flip-flop is cleared 

1 only by resetting or reading the serial 

1 channel receiving buffer, and not by an 

1 instruction. 
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Interrupt enable flags 


INTEL I IET2 
(FFE6H) 


IET3 1 IET4 I lEl | IET5 I IE2 i lERX 




INTER 

(FFE7H) 




INTTX interrupt 
enable flag 
INTRX interrupt 
enable flag 
INT2 interrupt 
enable flag 
INTT5 interrupt 
enable flag 
INTI interrupt 
enable flag 
INTT4 interrupt 
enable flag 
INTT3 interrupt 
enable flag 
INTT2 interrupt 
enable flag 


Interrupt and micro DMA enable flags 
"0" I DEO IDETO IDETI [APIS | lEO |lETO |IET1~| R/W 


INTTl interrupt 
enable flag 
^ INTTO interrupt 
enable flag 
INTO interrupt 
enable flag 
INTT2/INTAD selection 
* 


-> 


-> 


0 1 

INTT2 

1 1 

INTAD 


INTTl DMA enable flag 
INTTO IKA enable flag 
INTO DMA enable flag 
Write "0" 


* indicates the initial value after reset. 


Micro DMA enable flags 


DMAEH I DET2 
(FFE8H) 


DET3 |DET4 | DEI |DET5 I DE2 |DERX |DETX 




R/W 




INTTX 

DMA 

enable 

flag 

INTRX 

DMA 

enable 

flag 

INT2 

DMA 

enable 

flag 

INTT5 

DMA 

enable 

flag 

INTI 

DMA 

enable flag 

INTT4 

DMA 

enable 

flag 

INTT3 

DMA 

enable 

flag 

INTT2 

DMA 

enable 

flag 


Fig. 3.3 (9) Interrupt/Micro DMA Enable Flags 
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3.4 Standby Function 


When a HALT instruction is executed, the TMP90C840 selects one of the 
following modes as determined by the halt mode set register: 


(1) RUN 

(2) IDLE.1 

(3) IDLE2 

(4) STOP 


Suspends only the CPU operation. The power consumption 
remains unchanged. 

Suspends all internal circuits except the internal 
oscillator. In this mode, the power consumption is less 
than 1/10 of that in the noirmal operation. 

Operate only the internal oscillator and specific internal 
I/O devices. The power consumption is less than 1/3 of 
that in the normal operation. 

Suspends all internal circuits including the internal 
oscillator. In this mode, the power consumption is 
considerably reduced. 


The HALT mode set register (HALTM) is assigned to the bits 2 and 3 of 
the memory address FFD2H in the internal I/O register area (other bits 
are used to control other functions). The register is reset to "00" 
(RUN mode) by resetting. 

These HALT state can be released by resetting or requesting an 
interrupt. Either a non-maskable or maskable interrupt is acknowledged 
and processed if the CPU executes the El (enable interrupt) instruction. 
However the CPU executes the DI (disable interrupt) instruction, a 
maskable interrupt may be accepted, and the CPU starts executing the 
instruction following the HALT instruction. 


7 6 5 4 

3 

2 

1 0 


WDMOD IWDTE I WDTOUT |WARM | 

HALTM 

1 EXF IDRVE 1 


(FFD2H)| 1 

See "3.10 Watchdog Timer" 

1 

1 

1 

1 

1 

1 

1 1 

I 

See "3.4.4 STOP mode" 


1 

1 

1 

1 

1 

1 

1 

1 

*-> 

Exchange flag 

See "3.1.2 Registers" 


0 

0 

= RUN 



0 

1 

= STOP 



1 

0 

= IDLE 1 



1 

1 

= IDLE2 


Fig. 3.4 (1) 

HALT 

Mode 

Set Register 
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3.4.1 RUN Mode 

Fig. 3.4 (2) shows the timing for releasing the HALT state by 

interrupts in the RUN/IDLE 2 mode. 

In the RUN mode, the system clock in the MCU continues to operate even 
after a HALT instruction is executed. Only the CPU stops executing 
the instruction. Until the HALT state is released, the CPU repeats 
dummy cycles. In the HALT state, an interrupt request is sampled with 
the rising edge of the "CLK" signal. 



Execution Sequence Sequence 


Fig. 3.4 (2) 


Timing Chart for 
Interrupts 


Releasing the HALT State by 
in RUN/IDLE 2 Modes 
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3.4.2 IDLE 1 mode 

Fig. 3.4 (3) illustrates the timing for releasing the HALT state by- 
interrupts in the IDLE 1 mode. 

In the IDLE 1 mode, only the internal oscillator and the watchdog 
timer counter operate. The system clock in the MCU stops, and the CLK 
signal is fixed at the "1" level. 

In the HALT state, an instruction request is sampled asynchronously 
with the system clock, however the HALT release (restart of operation) 
is performed synchronously with it. 

(Note) An interrupt requested by the watchdog timer is prohibited 
through the HALT period in this mode. 



Fig. 3.4 (3) Timing Chart of HALT Released by 
Interrupts in IDLEl Mode 


3.4.3 IDLE 2 mode 

Fig. 3.4 (2) shows the timing of HALT release caused by interupts in 
the RUN/IDLE 2 mode. 
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In the IDLE2 mode, the HALT state is released by an interrupt with the 
same timing as in the RUN mode, except the internal operation of the 
MCU. In the RUN mode, only the CPU stops executing the current 
instruction, and the system clock is supplied to all internal devices. 
In the IDLE 2 mode, however, the system clock is supplied to only 
specific internal I/O devices. As a result, the HALT state in the 
IDLE 2 mode requires only a 1/3 of the power consumed in the RUN mode. 
In the IDLE 2 mode, the system clock is supplied to the following I/O 
devices; 

o 8-bit timer 
o 16-bit timer 
o Serial interface 
o Watchdog timer 


3.4.4 STOP mode 

Fig. 3.4 (4) is a timing chart for releasing the HALT state by 

interrupts in the STOP mode. 

The STOP mode is selected to stop all internal circuits including the 
internal oscillator. In this mode, all pins except special ones are 
put in the high-impedance state, independent of the internal operation 
of the MCU. Table 3.4 summarizes the state of these pins in the STOP 
mode. Note, however, that the pre-halt state can be retained by 
setting the internal I/O register DRVE (Drive enable: Bit 0 of memory 
address FFD2H) to "1". The content of this register is initialized to 
"O” by resetting. 

When the CPU accepts an interrupt request, the internal oscillator is 
restarted immediately. However, to stabilize the oscillation, the 
system clock starts its output after the time set by the warming up 
counter WARM (Warming up: Bit 4 of’memory address FFD2H) haSj^^assedj^ 
A warming-up time of either the clock oscillation time x 2 or 2 

can be set by setting this bit to either "0" or "1”. This bit is 
initialized to "0" by resetting. 
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Warming-up 

Time 



Fig. 3.4 (4) Timing Chart of HALT Released by 
Interrupt in STOP 2 Mode 


The in ternal oscillator can be also restarted by the input of the 
RESET signal at "0" to the CPU. In this case, however, the warming-up 
counter remains inactive because the power is turned on too quickly. 
As a result, the normal clock operation may not be performed due to 
the unstable clock supplied immediately after restarting the i nternal 
oscillator. To avoid this, it is necessary to keep the RESET signal 
at "O' long enough to release the HALT state in the STOP mode. 
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Table 3.4 State of Pins in STOP Mode 

(DRVE bit is set to "0") 


State 


Pin Name 


POO - P07/D0 - 7 1 

PIO - P17/A0 - 7 1 

P20 - P27/A8 - 15 I 

P30 - P37 1 

P40 - P43/A16 - 191 

P50 - P55 i 

P60 - P63 1 

P70 - P73 i 

P80 ! 

P81 1 

P82 1 

P83 ! 

NMI 1 

1 

EA_ 1 

RESET 1 

XI I 

X2 1 


High impedance 
High impedance 
High impedance 
High impedance 
High impedance 
High impedance 
Pre-HALT state 
Pre-HALT state 
Ready for input 
High impedance (Note) 
High impedance (Note) 
High impedance 
Ready for input 
High impedance 
Ready for input 
Ready for input 
High impedance 


(Note) P81 and P82 are pulled up slightly in the zero-cross 
detection mode. 


3.5 Functions of Ports 

The TMP90C840 contains total 54 bits input/output ports. These ports 
function not only for the general-purpose I/O but also for the 
input/output of the internal CPU and I/O devices. Table 3.5 describes 
the functions of these ports. 
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Table 3.5 Functions of Ports 


1 Port 
1 name 

1 

1 

Pin 

name | No 

1 P 

. of| 
ins 1 

Direction |Direction set unit] Pin name for 

1 1 internal function 


1 Port 

o| 

POO 

- P07| 

8 1 

I/O 1 

Byte 

wmmmm 


1 Port 

11 

PIO 

- P17| 

8 1 

I/O i 

Byte 

1 

1 AO - A7 


1 Port 

2| 

P20 

- P27| 

8 1 

I/O i 

Bit 

1 A8 - A15 


1 Port 

3| 

P30 

1 

1 1 

Input 1 

- 

1 RxD 



1 

P31 

1 

1 i 

Input 1 

- 

1 RxD 



1 

P32 

1 

1 1 

Output 1 

- 

1 TxD/RTS/SCLK 



1 

P33 

1 

1 1 

Output 1 

- 

1 TxD 



1 

P34 

1 

1 1 

Input 1 

- 

1 GTS 



1 

P35 

1 

1 1 

Output 1 

- 

1 RD 



1 

P36 

1 

1 1 

Output 1 

- 

1 WR 



1 

P37 

1 

1 

Input 1 

- 

1 WAIT 


1 Port 

4| 

P40 


m 

Output 1 

- 

1 A16 - A19 


1 Port 

5| 

P50 

1 

- P55| 

6 1 

Input 1 

- 

1 ANO - AN5 


1 Port 

6| 

P60 


m 

I/O i 

Bit 

1 MOO - M03/T01 


1 Port 

71 

P70 


H 

I/O 1 

Bit 

1 MIO - M13/T03 


1 Port 

81 

P80 

1 

1 i 

Input 1 

- 

1 INTO 



1 

P81 

1 

1 1 

Input j 

- 

1 INT1/TI4 



1 

P82 

1 

1 1 

Input 1 

- 

1 INT2/TI5 



1 

P83 

1 

1 1 

Output 1 

- 

1 T03/T04 



These port pins function as the general-purpose input/output ports by 
resetting. The port pins, for which input or output is programmably 
selectable, function as input ports by resetting. A separate program is 
required to use them for an internal function. 

The TMP90C841 functions in the same way as the TMP90C840 except: 
o Port 0 always functions as a data bus (DO to D7). 

o Port 1 always functions as Address bus (AO to A7). 

o Port 2 always functions as Address bus (A8 to A15)j_ _ _ 

o P35, P36 and P37 of Port 3 always function as RD, WR and WAIT 

pins, respectively. 


3.5.1 Port 0 (POO - P07) 

Port 0 is an 8-bit general-purpose I/O port (PO: memory address FFCOH) 
whose I/O function is specified by the control register (POC: bit 0 of 
memory address FFC2H) for each byte. By resetting all bits of the 
control register are initialized to "0", whereby Port 0 turns to the 
input mode, and the contents of the output latch register are 
undefined. 
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In addition to the general-purpose I/O port function, it functions as 
a data bus (DO - 07). Access of an external memory makes it 
automatically function as a data bus. 


Reset 



Port 0 
(POO ~ P07) 


Read PO 


Fig. 3.5 (1) Port 0 


3.5.2 Port 1 (PIO - P17) 

Port 1 is an 8-bit general-purpose I/O port (PL: memory address FFCIH) 
whose I/O function is specified by the control register (PIC: bit 1 of 
memory address FFC2H) for each byte. All bits of the output latch and 
the control register are initialized to ”0” by resetting, whereby Port 
1 is put in the input mode. 

In addition to the general-purpose I/O port function, it functions as 
an address bus (AO - A7). The address bus function can be selected by 
setting the external extension control register (EXT: bit 2 of memory 
address FFC2H) to "1" regardless of the status of the above control 
register (PlC). The EXT register is reset to "0" whereby Port 1 and 
Port 2 turn to the general-purpose I/O mode. 

The EXT register of the TMP90C841 is always set to "1" so that Port 1 
functions as an address bus (AO - A7). 
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Port 0 Register 

PO I P07 I P06 I P05 I P04 I PQ3 | P02 i POl I POO' l R/W 
(FFCOH) 


Port 1 Register 


PI I P17 I P16 I P15 I P14 I P13 I P12 I Pll I PIO I R/W 
(FFCIH) 


Port 0/1 Control Register 


POICR I - I IRFO I IRFTOlIRFTlI - | EXT | PIC | POC | 

(FFC2H) W 


See "3.3.3 Interrupt controller". 


* 



W 


Set 

I/O of Port 

1 0 

1 Input 

1 1 

' 1 ■ ■ ■ ■ 

1 Output 

Set 

I/O of Port 

1 0 

1 Input 

11 

1 - - 

1 Output 


^ Set general-purpose 
port/address bus of 
Ports 1 and 2 


* 


0 

1 

General- 


1 

purpose 


1 

port 

1 

I 

Address 


1 

bus 


* indicates initial 
value after reset. 

Fig. 3.5 (3) Registers for Ports 0 and 1 
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3.5.3 Port 2 (P20 - P27) 

Port 2 is an 8-bit general-purpose I/O port (P2: memory address FFC4H) 
whose I/O functionsis specified by the control register (P2CR ; bit 1 
of memory address FFC5H) for each bit. All bits of the output latch 
and the control register are initialized to "0” by resetting , whereby 
Port 2 turns to the input mode. 

In addition to the general-purpose I/O port function, it functions as 
an address bus (A8 - A15). The address bus function can be selected 
by setting the EXT register (EXT: bit 2 of memory address FFC2H, 
shared with port 1) to ”1" and setting the Port 2 control register 
(P2CR) to the output mode. When the Port 2 control register is set to 
"0", Port 2 functions as an input port, regardless of the status of 
the EXT register. 

For the TMP90C841 , all bits of the EXT register and the control 
register are always set to "1", and Port 2 functions as an address bus 
(A8 to A15). 


Reset 



Port 

(P20 


Read P2 


2 

~ P27) 


Fig. 3.5 (4) Port 2 
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Port 2 Register 

P2 I P27 I P26 I P25 I P24 I P23 I P22 I P21 | P20" | R/W 
(FFC4H) 



Fig. 3.5 (5) Registers for Port 2 
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3.5.4 Port 3 (P30 - P37) 

Port 3 is an 8-bit general-purpose I/O port (P3: memory address FFC6H) 
with fixed I/O function. All bits of the output latch are set to "1", 
and "I” is generated to the output port. 

In addition to the I/O port function, P30 - P34 have the I/O function 
for the internal serial interface, while P35 - P37 have the external 
memory control function. The additional functions can be selected by 
the control register (P3CR: memory address FFC7H). All bits of the 
control register are initialized to "0" by resetting, by which the 
port turns to the general-purpose I/O port mode. 

However, access of an external memory_makes P35 - P37 automatically 

function as the memory control pins (RD, WR and WAIT), and access of 
an internal memory makes them function as general-purpose I/O ports. 
When an externalmemory is accessed , therefore, the output latch 
registers P35 (RD) and P36 (WR) should be kept at "1" which is the 
initial value after the reset. 

The bit 5 (RDE) of the control register is intended for a pseudostatic 
RAM. When set to "1", it always functions as an RD pin. It is set to 
”0" by reading the internal I/O unit. 


Reset 


Write P3 


t 


Read P3 




Read P3 


Output 

Latch 

_ 






Output Buffer 


U 


Port 3 Output 
{P32, P33, P35, P36) 


Port 3 Input 
(P30, P31, P34, P37) 


Fig. 3.5 (6) Port 3 
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Port 3 Register 

P3 I P37 I P36 I P35 I P34 | P33 I P32 | P31 I P30 
(FFC6H) R R/W R/W R R/W R/W R R 


Port 3 Control Register 


P3CR 

(FFC7H) 


WAITC 


RDE T ODE I TXDC 


See "3.8 Serial Channel". 

R/W 

_^ Set port P33 to open drain output 

* [ 0 I CMOS output 

I —!--- 

! 1 1 Open drain output 


^ Set port P35 to fixed RD mode 

* I 0 I General-purpose I/O port 

I---- 

I 1 I Fixed as RD pin_ 


WAIT control 


00j 2-state wait 


Oil Normal wait 


101 No wait 


1 1 Reserve 


* indicates initial value after reset. 


Fig. 3.5 (7) Register for Ports 3 
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3.5.5 Port 4 (P40 - P43) 

Port 4 is a 4-bit port (P4: memory address FFC8H) intended only for 
the output. All bits of the output latch are initialized to "0” by 
resetting, and "O” is generated from the port. 

In addition to the output port function, it works as an address bus 
(A16 - A19). The selection of the address bus function is made by the 
control register (P4CR: memory address FFC9H). The output port or 
address bus function can be selected for each bit. All bits of the 
control register are initialized to "0" by resetting, by which the 
port turns to the output mode. 



Fig. 3.5 (8) Port 4 
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Port 4 Register 


P4 I - I - I - I - I P43 I P42 I P41 I P40 I R/W 
(FFC8H) 


Port 4 Control Register 

P4CR I - I - I - I - |P43C IP42C |P41C |P40C | W 

(FFC9H) 


Set output port/ 
address bus 



* I 0 I Output port 


I 1 I Address bus | 


* indicates initial 
value after reset. 


Bank register BX 

BX I - I - I - I - I BX3 I BX2 I BXl I BXO' | R/W 
(FFECH) 


Address bus 
A16 - A19 


Bank register BY 


BY I - I - I - I - I BY3 I BY2 I BYl I BYO I R/W 
(FFEDH) 


J_j _|__v Address bus 

A16 - A19 


Fig. 3.5 (9) Registers for Port 4 
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3.5.6 Port 5 (P50 - P55) 

Port 5 is a 6-bit input port (P5: bit 0 - 5 of memory address FFCAH) 
and also used as an analog input pin (ANO - AN5). 

Writing data into Port 5 register is prohibited. 



Port 5 

(P50 ~ P55/AN0 ~ AN5) 


Fig. 3.5 (10) Port 5 


Port 5 Register 

P5 I 0 I 1 I P55 I P54 I P53 I P52 I P51 I P5Q | R 
(FFCAH) 


Fig. 3.5 (11) Register for Port 5 
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3.5.7 Port 6 (P60 - P63) 

Port 6 is a 4-bit general-purpose I/O port (P6: memory address FFCCH) 
whose function is specified by the control register (P67CR: bits 0-3 
of memory address FFCEH) for each bit. The control register is 
initialized to "0” by resetting, and Port 6 enters in the input mode. 
This port is also serviceable as a stepping motor control port channel 
0 (MOO - M03), so either the general-purpose I/O or the stepping motor 
control port can be selected by the control register (SMMOD: bits 0 
and 1 of memory address FFCBH). This port is served as the general- 
purpose I/O port by resetting. 



Fig. 3.5 (12) Port 6 
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3.5.8 Port 7 (P70 - P73) 

Port 7 is a 4-bit general-purpose I/O port (P7: memory address FFCDH) 
whose I/O function is specified by the control register (P67CR: bits 4 
- 7 of memory address FFCEH). The control register is initialized to 
”0” by resetting, whereby Port 7 turns to the input mode. 

This port is also serviceable as a stepping motor control port channel 
1 (MIO - M13), so either the general-purpose I/O or the stepping motor 
control port can be selected by the control register (SMMOD: bits 4 
and 5 of memory address FFCBH). It is served as the general-purpose 
I/O port by resetting. 


Reset 



Port 7 
(P70~P73 
/MIO-Ml3) 


Read* P7 


Figra 3.5 (13) Port 7 
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Port 6 Register 


P6 

1 SA63 1 SA62 I SA61 I SA60 I 

1 P63 1 

1 P62 i P61 

1 P60 

(FFCCH) 

1 W 

1 

R/W 



Stepping motor 


Port 6 



control port 
Channel 0 shifter 
alternate register 



Port 7 

Register 


P7 

|SA73 1 SA72 1 SA71 | SA70 

1 P73 1 P72 1 P71 

1 P70 

(FFCDH) 

1 w 

1 R/W 



Stepping motor 

Port 7 



control port 
Channel 1 shifter 
alternate register 


Port 6 and 7 Register 

P67CR | P73C IP72C |P71C |P70C |P63C |P62C |P61C |P60C | 
(FFCEH) 


I W 

I_^ Select input/output of 

port 6 


* 1 0 1 

Input 1 

1 

! 1 1 

1 

Output 1 

Select 

input/output 

port 7 


* 1 0 1 
1_1 

Input 1 

.. 1 

1 1 
1 1 1 

“1 

Output 1 


* indicates initial 
value after reset. 


Fig. 3.5 (14a) Registers for Ports 6 and 7 
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Stepping motor mode register 


SMMOD I SM7M | P70C | SM6M | P6QC | See ”3.7 Stepping motor control 
(FFCBH) port". 


I R/W 

I_^ Select function of Port 6. 

(Port 6 Output Control) 


1 1 

1 1 

P63 1 

1 

P62 

1 

1 

P61 

1 

1 

P60 

1 

1 

Shift 

trigger 

* lool 

IN/OUT 1 

_ 1 

IN/OUT 

1 

IN/OUT 

i 

IN/OUT 

1 


ioli 

1 

IN/OUT 1 
1 

IN/OUT 

1 

1 

1 

IN/OUT 

1 

IN/TOl 

1 

- 

iloi 

1 

1 

IN/MO 3 i 

1 

IN/MO 2 

1 

1 

1 

IN/MOl 

1 

1 

IN/MOO 

1 

1 

Timer 0,1 

nil 

1 


1 


1 


1 



Shift trigger signal output timer for 
stepping motor control 


R/W 

_^ Select function of Port 7. 

(Port 7 Output Control) 


1 1 

1 1 

P73 

1 

1 

P72 

1 

1 

P71 

1 

1 

P70 

1 

1 

Shift 

trigger 

* lool 

IN/OUT 

1 

IN/OUT 

1 

IN/OUT 

1 

IN/OUT 

1 

- 

|011 

iN/our 

1 

IN/OUT 

1 

IN/OUT 

1 

IN/T03 

1 

- 

1 lOl 

IN/M13 

1 

1 

IN/M12 

1 

1 

IN/Mll 

1 

1 

IN/MIO 

1 

Timer 2,3 

llll 

1 

1 

_L 

1 

Timer 4 


Shift trigger signal output timer for - 

stepping motor control 


* indicates initial value after reset. 
(Note) SM6M and SM7M are included in Fig. 3.7. 

Fig. 3.5 (14b) Register for Port 6 and 7 
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3.5.9 Port 8 (P80 - P83) 

Port 8 is a 4-bit general-purpose I/O port (P8: memory address FFDOE), 
with P80 to P82 intended only for the input and P83 only for the 
output. The output latch of P83 is reset to "0", whereby the output 
level turns to "L". 

Port 8 also has the functions of interrupt request input, clock input 
for a timer/event counter, and timer output. 

(1) P80/INTO 

P80 is a general-purpose input port, also used as the external 
interrupt request input pin INTO. INTO allows the selection of either 
an "H" level interrupt or rising edge interrupt by using the control 
register (P8CR: Bit 0 of memory address FFDIH). 



Write P8CR 


P80/INTO 


Fig. 3.5 (15) Port P80/INTO 


(2) P81/INT1/TI4 

P81 is a general-purpose input port, also used as the external 
interrupt request input pin INTI and the clock input pin TI4 for the 
timer/event counter. 

This port incorporates a zero-cross detection circuit, and enables 
zero-cross detection by connecting an external capacitor. The zero- 
cross detection can be disabled/enabled by using the control register 
(P8CR: Bit 1 of memory address FFDIH). This control register is reset 
to "0", making the zero-cross detection disabled. 

(3) P82/INT2/TI5 

Like P81, P82 is a general-purpose input port, also used as the 
external interrupt request input pin INT2 and the clock input pin TI5 
for the timer/event counter. This port also contains a zero-cross 
detection circuit, and disables/enables the zero-cross detection by 
using the control register (P8CR: Bit 2 of memory address FFDIH). 
When this control register is reset, the zero-cross detection is 
disabled. 
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Fig. 3.5 (16) Port P81/INT1/TI4 and P82/INT2/TI5 


(4) P83/T03/T04 

P83 is a general-purpose output port, also used as the timer output 
pins T03/T04. Either function can be selected by using two control 
registers (P83C: bit 3 of memory address FFDIH; SMMODs 5 and 4; bits 5 
and 4 of FFCBH) . 


P830C i 

SMMOD5,4 

Function 

1 

0 1 

XX 

1 - — . _ - 

P83 output port 

1 1 

OX 

' T04 

1 1 

10 

1 1 

11 

1 T03 


* indicates initial 
value after reset. 



Write P8CR 


Fig. 3.5 (17) Port P83/T03/T04 
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Port 8 Register 


P8 1 


1 

1 - 1 

- 

1 P83 ! 

P82 

i P81 

1 P80 

(FFDOH) 





R/W 

R 

R 

R 

P8CR 1 

- J 

1 - 

1 - i 

1 - 

IP830CI 

ZCE2 

1 ZCEl 

1 EDGE 


(FFDIH) 


* 


W 

. Control INTO 


0 1 

Interrupt by "H" i 

1 

level detection | 

1 1 

Interrupt by ris- | 

1 

ind edge detection] 


P81/INT1/TI4 zero-cross 
enable 


(Zerp-Cross Enable P81) 
* 1 0 I Disable 


1 I Enable 


W 

_^ P82/INT2/TI5 zero-cross 

enable 


(Zerp-Cross Enable P82) 
* I 0 1 Disable 


I 1 I Enable 


_^ Select P83 function 

(P83 Output Control) 
* I 0 I P83 


I 1 I T03/T04 


* indicates initial value 
after reset. 


FIG. 3.5 (18) Registers for Port 8 
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3.6 Timers 

The TMP90C840 incorporates four 8-bit timers and a 16-bit multi-function 
timer/event counter. 

The four 8-bit timers can operate independently, and also function as 
two 16-bit timers through cascade connection. The following four 
operating modes are provided for the 8-bit timers: 

o 8-bit interval timer mode (4 timers) 
o 16-bit interval timer mode (2 timers) 

Possible arrangements: 8-bit x 2 and 16-bit x 1, or 16-bit x 2 
o 8-bit programmable square wave (pulse) generation (PPG) mode (2 
timers) 

0 8-bit pulse width modulation (PWM) mode (2 timers) 

The 16-bit multi-function timer/event counter can operate in the 
following six modes: 

o 16-bit interval timer mode 
o 16-bit event counter mode 

o 16-bit programmable square wave (pulse) generation (PPG) mode 
o Frequency measurement mode 
o Pulse width measurement mode 
o Timer deviation measurement mode 


3.6.1 8-bit timers 

The TMP90C840 incorporates four 8-bit interval timers (Timers 0, 1, 2 
and 3) , each of which can be operated independently. The cascade 
connection of Timer 0 and 1, or Timer 2 and 3 allows these timers used 
as 16-bit internal timers. 

Fig. 3.6 (1) is a block diagram of the 8-bit timers (Timer 0 and Timer 

1 ). 

Timer 2 and 3 have the same circuit configuration as Timer 0 and Timer 
1 respectively. 

Each interval timer is composed of an 8-bit up-counter, an 8-bit 
comparator and an 8-bit timer/register, with a Timer Flip-flop 
(TFF1/TFF3) provided to each pair of Timer 0 and Timer 1 and Timer 2 
and Timer 3. 

Internal clocks (0T1, 0T16 and 0T256), some of the input clock sources 
for the interval timers, are generated by the 9-bit prescaler shown in 
Fig. 3.6 (2). 

Their operating modes of the 8-bit timers and flip-flops are 
controlled by four control registers (TCLK, TFFCR, TMOD and TRUN). 
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(T) Prescaler 

An 9-bit prescaler is provided to further devide the clock frequency 
already divided to a 1/4 of the frequency of the source clock (fc). 
It generates a input clock pulse for the 8-bit timers, 16-bit 
timer/event counter, the baud-rate generator, etc. 

For the 8-bit timers, three types of clock are generated (oTl, oT16 
and oT256). 

The prescaler can be run or stopped by using the 5th bit TRUN5 (PRRUN) 
of th? timer control register (TRUN). Setting TRUN5 to "1" makes the 
prescaler count, and setting it to "0" clears the prescaler to stop. 
By resetting, TRUN5 is initialized to "O”, making the prescaler cleare 
and stop. 


Cycle 


1 fc 

1 

8MHz 

1 

lOMHz 

1 Input 

1 


1 


1 clock 

1 


1 


1 oTl 

1 

1. Ous 

1 

0.8)is 

1 oT16 

i 

16us 

I 

12.8us 

1 oT356 

1 

256us 

1 

204.8us 




Fig. 3.6 (2) Prescaler 
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@ Up-counter 

This is an 8-bit binary counter that counts up by an input clock pulse 
specified by an 8-bit timer clock control register (TCLK) and an 8-bit 
timer mode register (TMOD). 

The input clock pulse for Timer 0 and 2 is selected from ^Tl, ^T16 and 
^T256 according to the setting of the TCLK register. 

However, ^T256 cannot be selected as the input clock pulse for these 
timers in the 16-bit timer mode (TM0D3,2=01/TM0D7,6=01). 

Example; When setting TCLKl, 0 = "01", ^T1 is selected as the input 
clock pulse for Timer 0. 

The input clock pulse to Timer 1 and 3 is selected according to the 
operating mode. In the 16-bit timer mode, the overflow output of 
Timer 0 and 2 is automatically selected, regardless of the setting of 
the TCLK register. 

In the other operating modes, the clock pulse is selected among the 
internal clocks ^Tl, ^T16 and ^T256, and the output of the Timer 0 and 
2 comparator (match signal). 

Example: If TMOD3,2 = 01, the overflow output of Timer 0 is selected 

as the input clock to Timer 1. 

If TMOD3,2 = 00 and TCLK3,2 = 01, 0T1 is selected as the 
input clock to Timer 1. 

The operating mode is selected by the TMOD register. This register is 
initialized to TM0D3,2=00/TMOD7,6=00 by resetting, whereby the 
up-counter is placed in the 8-bit timer mode. 

The up-counter can control its functions, count, stop or clear, for 
each interval timer as selected by the timer control register TRUN. 
By resetting, all up-counters are cleared to stop the timers. 
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Timer 2, 3 


Timer 0, 1 


TMOD 

(FFDAH) 


7 6 

5 4 ! 

I 3 2 

1 0 

T23M 1 

PWM3 1 

1 TOIM 

i : 

PWMl 

1 1 1 


R/W 


R/W 


R/W 


R/W 


I _^ Select PWM 1 cycle 

("Don't care" in 


non-PWM modes) 


* lool 

1 _ 1 _ 

— 

1 

. 1 

ioli 

2* - 1 

1 

1 

- 1 

1 10 i 

2 ' - 1 

. _ _ 1 

1 

1 

111! 

2«-l 

1 

1 

Set operating mode of Timer 0 

and 1. 

* lool 

8-bit timer x 2 

1 

1 

|oi 1 

16-bit timer 

- 1 

1 

1 

1 10 1 

8-bit PPG output 

■ - - ■ - 1 

1 

1 

111 1 

1 1 

8-bit PWM output (Timer 
+8-bit timer (Timer 0) 

1) i 

1 

Select PWM 3 cycle 

("Don't care" in non-PWM modes) 

o 

o 

— 


1 1 
loil 

1_1 _ 

2^-1 


1 — 1 
liol 
1- 1 - 

1 


1 1 
111! 

to 

00 

1 

I—* 


Set operating mode of Timer 2 

and 3. 

* lool 

1 1 

8-bit timer x 2 


o 

16-bit timer 


1 1 
liol 

8-bit PPG output 


1 i 
111! 

1 1 

8-bit PWM output (Timer 
+8-bit timer (Timer 2) 

3) 1 


(Note) * indicates initial value after reset. 

R/W denotes that read or write is possible. 

Fig. 3.5 (3) 8-bit Timer Mode register (TMOD) 
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T irae r 3 

Timer 2 

Timer 1 

Timer 0 


1 7 6 

15 4 1 

3 2 

1 1 0 

TCLK 

(FFD8H) 

1 : 

1 T3CLK 

1 : 

1 T2CLK 1 
1 : 

1 : 

1 TICLK 

1 : 

1 : 

1 TOCLK 

1 : 


1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



1 

IR/W 

1_^ Timer 

0 input 

clock 

1 

1 

1 


1 i 

TMOD3,2 

= 01 

1 TM0D3,2 = 01 1 

1 

1 

i 

* 

lool 

— 


1 — 1 

1 

1 

1 


loll 

Internal clock (^Tl 

1 Internal clock ^T1 | 

1 

1 

1 


1 lol 

tl 

0T16 

1 " 0T16 1 

1 

1 

1 


llll 

tt 

?iT256 

1 Not used 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

R/W 

. Timer 

1 input 

clock 


1 







1 

1 



1 1 

TMOD3,2 

= 01 

1 TMOD3,2 = 01 1 

1 

1 

1 

1 


* 

lool 

1 1 

Timer 0 comparator 
output 

1 _ 1 

1 Timer 0 overflow | 

1 

1 



loll 

Internal clock 0T1 

1 output 1 

1 

1 



liol 

tt 

0T16 

1 1 

1 

1 



llll 

tl 

0T256 

1 1 

1 

1 

1 

1 

1 

1 

1 R/W 

1 




^ Timer 

2 input 

clock 

1 





' 



1 




1 1 

TMOD7,6 

= 01 

1 TMOD7,6 = 01 ! 

1 



* 

lool 

— 


1 — I 

1 




loll 

Internal clock ^T1 

1 Internal clock ^T1 

1 




liol 

11 

0T16 

1 " 0T16 

1 




llll 

If 

0T256 

1 Not used 

1 









R/W 

- > 


Timer 3 input clock 


1 1 

TMOD7,6 = 01 1 

TMOD7,6 = 01 

* lool 

1 1 

Timer 2 comparator | 
output 1 

Timer 2 overflow 

loil 

Internal clock 0T1 | 

output 

liol 

" 0T16 1 


llll 

" 0T256 1 



(Note) * indicates initial value after reset. 


Fig. 3.6 (4) 8-bit Timer Clock Control Register (TCLK) 
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16-b il: timers 8-bit: timers _ 

7 6 5 I 4 I 3 2 1 0 I 


TRUN I BRATE |PRRUN|T4RUN|T3RUN|T2RUN|T1RUN|TORUN| 
(FFDBH)I : I I I I I I I 


R/W 


I_^ Select Timer 0 operation 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


1 0 

1 Stop and 

clear I 

1 1 

1 Count 

1 

Select Timer 1 

operation 

1 0 

1 Stop and 

clear 1 

i 1 

1 Count 

1 

Select Timer 2 

operation 

1 0 

1 Stop and 

clear | 

1 1 

1 Count 

1 

Select Timer 3 

operation 

1 0 

1 Stop and 

clear I 

1 1 

1 Count 

1 

Select 16-bit i 

t imer 

(Timer 4) operation 

i 0 

1 Stop and 

clear | 

1 1 

1 Count 

1 

Select prescaler operation 

1 0 

1 Stop and 

clear ( 

1 1 

1 Count 

1 

msfer speed of 

serial I/O 

generator (fc=' 

9.8304MHz) 

1 T 

SCI,0=01 

1 SCI,0=11 1 

lool 

300 baud 

1 150 baud 1 

toil 

1200 baud 

1 600 baud | 

liol 

4800 baud 

12400 baud | 

111119200 

19600, baud | 


(Note) * indicates initial value after reset. 

R/W denotes that read or write is possible 


Fig. 3.6 (5) Timer/Serial Channel Control Registers (TRUN) 


MPU90-79 










TOSHIBA 


TMP90C840 


TFF3 TFFl 


1 7 6 

5 

4 1 3 

2 

1 

0 

1 : 

TFFCR i FF3C 

(FFD9H)| : 

1 1 

1FF3IEI 
1 1 

1 1 

FF3ISI 

1 1 

FFIC 

1 1 

IFFIIEI 

FFIIS 


Select inverse signal of timer flip-flop TFFl 



TMOD3,2 

FFIIS 

00 

1 01 

1 

i 10 

1 11 

* 

0 

8-bit timer 

1 

1 

1 



mode (Timer 

0)1 




1 

8-bit timer 

116-bit timer mode 

1 PPG mode 

1 PWM mode 



mode (Timer 

1)1(Timers 0 & 1) 

1(Timer 1) 

1 (Timer 1) 

R/W 







_^ Invert timer flip- 

-flop TFFl 



* 

0 

Disable 





1 

Enable 





Control timer flip-flop TFFl 
00 I Clear TFFl to "0" 

01 I Set TFFl to "1" _ 

10 _ I Invert value of TFFl (Software inversion) _ 

11 _ I Don't care (Always set at "11" when read out) 

V Select inverse signal of timer flip-flop TFF3 


TMOD7,6| 

FF3IS j 

00 

t 01 

1 

10 

1 11 1 

1 1 

0 |8-bit 

1 mode 

timer 

(Timer 

1 

2)1 


1 1 

1 18-bit 

timer 

116-bit timer mode 

PPG mode 

1PWM mode | 

|mode 

(Timer 

3)1(Timers 2 & 3) 

(Timer 3) 

1(Timer 3)1 


^ Invert timer flip-flop TFF3 

0 _ I Disable _ 

1 _ I Enable _ 

Control timer flip-flop TFF3 



00 I Clear TFF3 to "0” _ 

01 I Set TFF3 to ”1" _ 

10 _ I Invert value of ■TFF3 (Software inversion) _ 

11 _ I Don't care (Always set at "11" when read out) 

3«6 (6) 8-Bit Timer Flip-Flop Control Register (TFFCR) 
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Q) Timer registers 

8-bit registers are provided to set the interval time. When the set 
value of a timer register matches that of an up-counter, the match 
signal of their comparators turn to the active mode. If "OOH” is set, 
this signal becomes active when the up-counter overflows. 

(2) Comparators 

A comparator compares the values in an up-counter and a timer 
register. When they matches, the comparator clears the up-counter to 
"0", ‘and generates an interrupt signal (INTTn). If the timer 

flip-flop inversion is enabled by the Timer Flip-Flop control 
register, the comparator inverts the Timer Flip-flop. 

Timer flip-flops (Timer F/Fs) 

The status of the Timer Flip-flop is inverted by the match signal 
(output by comparator). Its status can be output to the timer output 
pin TOl (also used as P60) and T03 (used as P70 or P80). 

A Timer F/F is provided to each of the timer pairs Timer 0 - Timer 1 
and Timern 2 - Timer 3, and is called TFFl and TFF3, respectively. 
The status of TFFl is output to TOl, and that of TFF3 to T03. T03 has 

2 pins (P70 and P83). P83 is selected only when the port 7 is used as 

a stepping motor control port. 

The Timer F/Fs are controlled by a timer flip-flop control register 
(TFFCR). 

In the case of TFFl (timer F/F for the Timer 0 and Timer 1), the 
flip-flop operation is described as follows: 

TFFCRO (FFIIS) selects the signal for inversion of TFFl. In the 8-bit 
timer mode, inversion is enabled by the match signal from Timer 0 if 
this bit is set to "1", or by the signal from Timer 1 if set to ”0". 

In any other mode, FFIIS must be always set to "I". It is initialized 
to "0" by resetting. 

TFFCRl (FFlIE) controls the inversion of TFFl. Setting this bit to 
"I” enables the inversion and setting it to "0" disable. 

FFlIE is initialized to "0" by resetting. 

The bits TFFCR3 and TFFCR2 (FFlC) are used to set/reset TFFl or enable 
its inversion by software. TFFl is reset by writing "00", set by "01" 
and inverted by "10". 

Similarly, TFF3 is controlled by TFFCR7 - 4. 

The 8-bit timers operate as follows: 

(1) 8-bit timer mode 

The four interval timers 0, 1, 2 and 3 can operate independently as an 
8-bit interval timer. Only the operation of Timer 1 is described 
because their operations are the same. 

(D Generating interrupts at specified intervals 

Periodic interrupts can be generated by using Timer 1 (INTTl) in the 
following procedure: Stop Timer 1, set the desired operating mode, 

input clock and cycle time in, the registers TMOD, TCLK and TREGl 
enable INTTl, and start the counting of Timer 1. 
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Example: To generate Timer 1 interrupt every 4.Ops at fc=10 MHz, the 

registers should be set as follows: 


MSB LSB 

7 6 5 4 3 2 1 0 

TRUN <-------0- Stop Timer 1, and clear it to "0”. 

TMOD <-----OOxx Set the 8-bit timer mode. 

TCLK <-01-Select OTl (0.8us @fc=10 MHz) as the 

input clock, 

TREGl <-001 10010 Set the timer register at 40us/Tl = 50. 

INTEH <-1 Enable INTTl. 

IRON <-1-1- Start Timer 1. 


(Note) x: Don't care - : No change 
Use the following table for selecting the input clock: 


Table 3.6 (1) 8-bit timer interrupt cycle and input clock 


Interrupt cycle @fc=10 MHz 

1 

Resolution 

Input clock 

0.8us - 204us 

1 

0.8us 


0T1 

12.8us - 3.264ms 

1 

12.8US 


/ri6 

204.8us - 52.429ms 

1 

204.8us 


0T256 


Caution for using Timer 2 

Interrupts generated by Timer 2 (INTT2) uses the same interrupt mask 
flag (INTEL 7) as used for those of the A/D converter (INTAD). To 
select either interrupt, another flag INTEH3 is provided. Setting 
this flag to "0" enables interrupts by Timer 2 and disables those by 
the A/D converter. 

[2] Generating pulse at 50% duty 

The Timer Flip-flop is inverted at specified intervals, and its status 
is output to a timer output pin (TOl or T03). 

Example: To output pulse from TOl at fc=10 MHz every 4.8|is, the 

registers should be set as follows: 

This example uses Timer 1, but the same operation can be 
effected by using Timer 0. 


7 6 5 4 3 2 1 0 

TRUN <-------0- Stop Timer 1, and clear it to "0". 

TMOD <-----00xx Set the 8-bit timer mode. 

TCLK <-----01-- Select 0T1 as the input clock. 

TREGl <- 00000010 Set the timer register at 4.8us/j^Tl/2=3. 

TFFCR <-----001 1 Clear TFFl to "0", and set to invert by 

the match signal from Timer 1. 

SMMOD <-----xx01 Select P60 as TOl pin. 

P67CR <-1 Select P60 as TOl pin. 

TRUN <-1-1- Start Timer 1. 


(Note) x: Don't care - : No change 
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Fig. 3.6 (7) Pulse Output (50% duty) Timing Chart 

Making Timer 1 count up by match signal from Timer 0 comparator. 

Select the 8-bit timer mode, and the set output of Timer 0 comparator 
as the input clock to Timer 1. 


Timer 0 

Comparator Match Signal 


n 


n 


Up-Counter of 
Timer 0 
(TREGO = 5) 



Up-Counter of — 

Timer 1 

(TREGl = 2) - 


Match Signal 
from Timer 1 

Fig. 3.6 (8) 

(X) Software inversion 

The timer flip-flops can be inverted by software independent of the 
timer operation. 

Writing "10" into the bits TFFCR3 and TFFCR2 inverts TFFl, and writing 
the same into TFFCR7 and TFFCR6 inverts TFF3. 




( 5 ) Initial setting of Timer Flip-Flops 

The Timer Flip-flops can be initialized to either "0" or "1" without 
regard to the timer operation. 

TFFl is initialized to "0" by writing "00" into TFFCR3 and TFFCR2, and 
"1" by writing "01" into these bits. 


(Note) Reading the data from the Timer Flip-flops and timer registers is 
prohibited. 
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(2) 16-bit timer mode 

The Timer 0 and Timer 1 or Timer 2 and Timer 3 can be used as one 
16-bit interval timer. 

As both timer pairs have the same function, only the timer pair Timer 
0 and Timer 1 is discussed. 

Cascade connection of Timer 0 and Timer 1 to use them as a 16-bit 
interval timer requires to set the bits 3 and 2 of the mode register 
TMOD to "01". 

By selecting the 16-bit timer mode, the overflow output of Timer 0 is 
automatically selected as the input clock to Timer 1, regardless of 
the set value of the clock control register TCLK. The input clock to 
Timer 0 is selected by TCLK. Note, however, that 0T256 cannot be 
selected in the 16-bit timer mode. Table 3.6 (2) shows the 

combinations of timer (interrupt) cycle and input clock. 


Table 3.6 (2) 16-bit timer (interrupt) cycle and input clock 


Timer (interrupt) cycle | 

Resolution 

1 Input clock 

(3fc = 10 MHz 1 


1 to Timer 0 

12 .8]is - 52.43ms I 

0 . 8us 

1 0T1 

12.8us - 838.86ms | 

12 .8us 

1 ■0T16 


The timer (interrupt) cycle is selected by the lower eight bits set by 
TREGO and the upper eight bits set in TREGl. Note that TREGO must be 
always set first (Writing data into TREGO disables the comparator 
temporarily, which is restarted by writing data into TREGl). 

Example: To generate interrupts INTTl at fc=8MHz every 1 second, the 
timer registers TREGO and TREGl should be set as follows: 

As 0T16 (=16us (a8MHz) is selected as the input clock, 

1 sec/16us = 62500 = F424H 
Therefore, 

TREGl = F4H 
TREGO = 24H 

The match signal is generated by Timer 0 comparator each time the 
up-counter UCO matches TREGO. In this case, the up-counter UCO is not 
cleared, and the interrupt INTTO is not generated. 

Timer 1 comparator also generates the match signal each time the 
up-counter UCl match TREGl. When the match signal is generated 
simultaneously from comparators of Timer 0 and Timer 1, the 
up-counters UCO and UCl are cleared to "0", and the interrupt INTTl is 
generated. If the Timer Flip-flop inversion is enabled by the Timer 
Flip-flop control register, the timer flip-flop TFFl is inverted at 
the same time. 
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Example: Given TREGl = 04H and TREGO = 80H, 


Value of 




Up-Counter 



0400H 

(UCl, UCO) 0000H0080H 

0180H 

0280H 

0380H 0480H 

Timer 0 ^ 

_n 

IL_ 

n_n 

comparator Matcn bignai 1 


Timer 1 

Comparator Match 
Signal 

Interrupt INTTl 

Timer Output TOl X Invert Signal 


lUllJljl 

_k 


Fig. 3.6 (9) 


(3) 8-bit PPG (Programmable pulse generation) mode 

Pulse can be generated at any frequency and duty rate by Timer 1 or 
Timer 3. The output pulse may be either low- or high-active. 

In this mode. Timers 0 and Timer 2 are not be used. 

If Timer 1 is used, pulse is output to TOl (also used as P60), and the 
use of Timer 3 results in the output to T03 (also used as P70/P83). 



t 


Following is the timing of Timer 1 (The operation is the same as when 
Timer 3 is selected): 



In the 8-bit PPG mode, programmable pulse is generated by the 
inversion of the timer output each time the 8-bit up-counter 1 (UCl) 
matches the timer register TREGO or TREGl. 
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Note that the set value of TREGO must be smaller than that of TREGl. 

In this mode, the up-counter UCO of Timer 0 is disabled (Set TRUN 0 = 
0, and stop and clear Timer 0). 

The PPG mode can be illustrated as follows: 


giTl - 
(ziTie - 
(ziT2 56- 


Clock 

Control 


w 


TRUNl 


8 bit 

Up-Counter UCl 


TMOD3,2 TCLK3,2 00 

= 10 


Clear 




Comparator 0 


Comparator 1 




TREGO 


TREGl 






Internal Data Bus 


TOl 


TFFI 


A 


Invert Signal 


Fig. 3.6 (10) Block Diagram of 8-bit PPG Mode 


Example: Generate pulse at SOkHz and 1/4 duty rate (@fc = 8MHz) 



t = 1/50 (ms) 


o Calculate the set values of the timer registers. 

To obtain the frequency of SOkHz, the pulse cycle t should be: 
l/SOkHz = 20us. 

Given oTl = lus (@8MHz), 

20vis/ljis = 20 

Consequently, the timer register 1 (TREGl) should be set to 20 = 
14H. 

Given a 1/4 duty, t x 1/4 = 20 x 1/4 = 5 Us 

5 us / 1 us = 5 

As a result, the timer register 0 (TREGO) should be set to 5= OSH. 
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(4) 


TRUN <-00 

TCLK <- Olxx 

TMOD <- lOxx 

TFFCR <-0 0 11 

LI 

Writ 

TREGO <-00000101 
TREGl <-00010100 

SMMOD <- xxOl 

P67CR <-1 

TRUN <-1-10 


Stop Timer 0 and Timer 1, and clear them 
to "0". 

Select 0 TI as the input clock. 

Set 8-bit PPG mode. 

Clear the output, and enable the inver¬ 
sion by Timer 1. 

ing "01” provides negative logic pulse - 

Write "5H". i 

Write "14H". I 

Select P60 as the TOl pin. I 

I 

Start Timer 1. | 


(Note) x: Don't care 


No change 


8 -bit PWM (pulse width modulation) mode 




This mode is only available for Timer 1 and Timer 3, and generates two 
types of 8-bit resolution PWM (PWMl and PWM3). 

Pulse width modulation is output to TOl pin (also used as P60) when 
using Timer 1, and to T03 pin (also used as P70 or P83) when using 
Timer 3. 

Timer 0 and Timer 2 can be also used as 8-bit timers. 

Following is the timing of Timer 1 (PWMl) (The operation is the same 
as when Timer 3 is selected): 

The inversion of the timer output occurs when the up-counter (UCl) 
matches the set value of the timer register TREGl, as well as when an 
overflow of 2n - 1 (n = 6, 7 or 8 selected by TMODl or TMODO) occurred 
at the counter. The up-counter UCl is cleared by the occurrence of an 
overflow of 2n - 1. 

The following condition must be obtained in this PWM mode: 

(Set value of timer register) < (set overflow value of 2^ - 1 counter) 



The PWM mode can be illustrated as follows: 
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TRUN5 


TRUNl 



Fig. 3.6 (11) Block Diagram of 8-bit PWM Mode 


Example: Generate the following PWM to the TOl pin at fc=10MHz. 

36ys 

h—^ 

—I l—J-LJ-LJ— 

- ►! 

dO. 41JS 


Assuming the PWM cycle is 50.4 }is when jorTl = 0.8 us and @fc = 
lOMHz, 

50.4us/0.8us = 63 = 2°- 1 

Consequently, n should be set at 6 (TMOD1,0 = 01). 

Given the "H" level period of 36us, setting 0X1=0.8us results; 

36us/0.8us = 45 = 2DH 
As a result, TREGl should be set at 2DH. 


TRUN <-------0- Stop Timer 1. 

TCLK <-----01-- Select 0 TI as the input clock. 

TMOD <-----1101 Set the 2-1 cycle in the PWM mode. 

TFFCR <-----0011 Set the initial output to 0 ("L” level). 

TREGl <-00101101 Write "2DH". 

SMMOD <-----xx0 1-j Select P60 as the TOl pin. 

P67CR <-1^ 

TRUN <-1-1 - Start Timer 1. 


(Note) x: Don't care - : No change 
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Table 3.6 (3) PWM Cycle and Selection of 2^- 1 counter 



1 

PWM cycle (@fc = lOMHz) 



1 

0T1 

i 

jaT16 1 0T256 


2«- 1 

1 

50 .4us 

1 

1 

806.4us 1 12.9ms 


2^- 1 

1 

101.6us 

1 

1625.6us 1 26.0ms 


2®- 1 

1 

204.Ous 

1 

3264.Ous 1 52.2ms 



3.6.2 Multi-function 16-bit timer/event counter (Timer 4) 

The TMP90C840 incorporates a multi-function 16-bit timer/event counter 
that functions in the following operating modes: 

o 16-bit timer 
o 16-bit event counter 
o 16-bit PPG mode 
o Frequency measurement 
o Pulse width measurement 
o Time deviation measurement 

Fig. 3.6 (12) is a block diagram of the 16-bit timer/event counter. 



Fig. 3.6 (12) Block Diagram of 16-bit Timer/Event counter (Timer 4) 
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The timer/evenC counter is composed of a 16-bit up-counter, two 16-bit 
timer registers, two 16-bit capture registers, two comparators, a 
capture input control, a timer flip-flop and its control circuit. 

The timer/event counter is controlled by four control registers 
(T4M0D, T4FFCR, TRUN, and P8CR). The TRUN register also controls the 
8-bit timers. For details, refer to Fig. 3.6 (5). 

The P8CR register is the control register for the port P8. 


1 


0 


T4M0D 

(FFE4H) 


CAP IN I 


CAPMM 


CLE 


T4CLKK 


R/W 


^ — 

^ Timer 4 input 

clocks 

* loo I 

External clock 

(T14) 

loll 

Internal clock 

0T1 

IIOI 

Internal clock 

0T16 

llll 

Not used 


R/W 




^ Clear up-counter UC16 

* 1 o| 

Clear disable 


1 11 

Clear if equal 

to TREG5 


R/W 


^ Control capture/interrupt 


INTI 


1 1 

Capture 

control 1 

INTI control 

lool 

Capture 

disable | 

Interrupt occurs at 

|01| 

CAP 

1 at 

TI4 rise I 

rising edge of TI4 

1 1 

CAP 

2 at 

TI5 rise | 

input 

liol 

CAP 

1 at 

TI4 fall 1 

Interrupt occurs at 

1 1 

CAP 

2 at 

TI5 fall 1 

falling edge of TI4 

1 1 



1 

input 

llll 

CAP 

1 at 

TFFl risel 

Interrupt occurs at 

1 1 

CAP 

2 at 

TFFl falll 

falling edge of TI4 

1 1 



1 

input 


Trigger software capture 


(Note) * indicates initial * 
value after reset. 


0| Capture up-counter value into CAPl 

I (Softwre capture) _ 

1| Always set at "1" when read out 


o R/W denotes either 

reading or writing is possible. 


Fig. 3.6 (13) 16-Bit Timer/Event counter (Timer 4) Control Mode registers 
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T4FFCR 

(FFE5H) 


7 

6 

5 4 3 

2 

1 0 

1 


1 : : 

1CAP2TE:CAP1TE:£Q5TE 
1 

;EQ4TE 

1 T4FFC 1 

1 : 1 



1 


1 1 



1 


1 



1 1 w 





! ' ' 

Control 

of Timer Flip-flop 4 (TFF4) 



1 

1 

1 00 

1 Clear TFF4 to "0" I 



1 

1 

1 

! 01 

1 Set TFF4 to "1" I 

1 -I 



1 

1 

1 

1 10 

1 

1 Invert TFF4 value I 

1 (software inversion) | 



1 

1 

1 

!“r 

1 

1 .. ■ • 1 

1 Don't care (Always set | 

1 at "11" when read out) | 



1 

1 R/W 





1-> 

Trigger 
flop 4 

inversion of Timer Flip- 
(TFF4) 




* 1 0 

1 Disable trigger | 

1 .... 1 




1 1 

1 ... ..... 1 

1 Enable trigger | 


CAP2TE: 

When 

CAPITE: 

When 

EQ5TE : 

When 

EQ4TE : 

When 


capturing up-counter value into CAP2 
capturing up-counter value into CAPl 
equalizing up-counter with TREG5 
equalizing up-counter with TREG4 


Fig. 3.6 (14) 16-bit Timer/Event Counter Timer Flip-Flop 4 Control Registers 

1 Up-counter (UC16) 

UC16 is a 16-bit binary counter that counts up by the input clock 
specified by the register T4M0D (T4CLK) (bits 1 ans 0). 

Its input clock is selected from the internal clocks dTl and 0T16 
generated by the 9-bit prescaler (also used as the 8-bit timer), or 
the external clock from the T14 pin (also used as P81/INT1). By 
resetting, the bits 0 and 1 of T4M0D are initialized to "00", whereby 
T14 is selected as the input clock to this up-counter. 

The Timer Control Register TRUN 4 (T4RUN) controls the counter to 
start, stop or clear. 

Clearing the up-counter UC16 is controlled by the bit 2 of T4M0D2 
register (CLE). The up-counter UC16 is cleared to "0" when matching 
the timer register TREG5. 

2 Timer registers (TREG4 and TREG5) 

Two 16-bit registers are provided to set the counter value. When the 
values in these timer registers equal with the value of the up-counter 
UC16, the match signal of the comparator becomes active. 
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Data for the timer registers TREG4 and TREG5 are provided by a 2-byte 
data load instruction or two 1-byte data load instructions, from the 
lower eight bits followed by the upper eight bits. 

TREG4 TREG5 


Upper 8 bits 


Lower 8 bits | 


I Upper 8 bits 


Lower 8 bits | 


FFEIH FFEOH 


FFE3H FFE2H 


3 Capture registers (CAPl and CAP2) 

CAPl and CAP2 are 16-bit registers that hold the values of the 
up-counter UC16. 

Data in the capture registers are read by a 2-byte data load 
instruction or two 1-byte data load instructions, from the lower eight 
bits followed by the upper eight bits. 

CAPl CAP2 


Upper 8 bits 


Lower 8 bits i 


I Upper 8 bits 


Lower 8 bits | 


FFDDH FFDCH FFDFH FFDEH 

4 Capture input control circuit 

This circuit controls the timing that the capture registers (CAPl and 
CAP2) latch the UC16 up-counter value. 

The latch timing is set by the register T4M0D4,3 (CAPM). 


o If T4M0D4,3 = 00, 

The capture function is disabled. Theese bits are initialized to 
this mode by resetting, 
o If T4M0D4,3 = 01, 

The up-counter value is latched into CAPl at the rising edge of the 
TI4 (also used as P81/INT1) input, and into CAP2 at the rising edge 
of TI5 (also used as P82/INT2) input, 
o If T4M0D4,3 = 10, 

The up-counter value is latched into CAPl at the rising edge of the 
TI4 input, and by CAP2 at its falling edge. Only in this mode, the 
interrupt INTI occurs at the falling edge, 
o If T4MOD4,3 =11, 

The up-counter value is latched into CAPl at the rising edge of the 
timer flip-flop TFFl, and into CAP2 at its falling edge. 

The up-counter value can be also latched into the capture registers by 
using software. In this case, the current up-counter value is latched 
into CAPl each time "0" is written into the T4MOD5 (CAPIN) register. 
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( 5 } Comparators (CP4 and CP5) 

The 16-bit comparators detect the match of the up-counter UC16 and the 
timer register TREG4 or TREG5. 

When the up-counter matches registers TREG4 or GREGS, the interrupt 
INTT4 or INTT5 occurs, respectively. The up-counter is cleared only 
when it matches TREG5 (the clear operation can be disabled if 
necessary). 

@ Timer Flip-flop (TFF4) 

This Timer Flip-flop is inverted by the match signal from the 
comparators (CP4 and CPS) and the latch signal to the capture 
registers (CAPl and CAP2). 

It is possible to enab le/disable the inversion for each of these 
sources by using TRFFCRS-2. 

Also TFF4 can be inverted, cleared to ”0" and set to "1" under 
software control. 

Its value can be output to the timer output pin T04 also used as P83 
or T03. Either pin function may be selected by the registers P8CR and 
SMMOD. T04 is selected by setting P8CR3 = 1 and SMM0DS,4 =11. 

(1) 16-bit timer mode 

In this mode, the interval time is set in the timer register TREG5 to 
generate the interrupt INTT5. 

I TRLIN <----0---- Stop Timer 4. 

I INTEL <- 0-1 - Enable INTT5 and disable INTT4. 

i T4FFCR<- xxOOOOl 1 Disable trigger. 

I T4M0D <-xxl001** Select internal clock for input, and 
I (**=01,10,11) disable the capture function. 

I TREG5 <- **** **** **** **** Set the interval time (16 bits). 

|_TRIJN <--- 11 ---- Start Timer 4. 

(Note) x: Don't care - : No change 

(2) 16-bit event counter mode 

This timer can be used as a 16-bit event counter by selecting the 
external clock (TI4) as the input clock in the above timer mode (1). 
The counter counts up at the rising edge of the TI4 input clock. 

The TI4 pin is also used as P81 or INTI. 


TRUN <-0- 

P8CR <-*- 

INTEL <-001- 

T4FFCR<- X X 0 0 0 0 1 1 
T4MOD <-xxl00100 
TREG5 **** **** **■** 

TRUN <-11- 


Stop Timer 4. 

*=0; TI 4 is square wave. 

*=1; TI4 is sign (zero-cross) wave 
Enable INTT5 and disable INTT4 and 
INTI. 

Disable trigger. 

Select TI4 as the input clock. 

Set the number of counts (16 bits). 
Start Timer 4. 
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(3) 16-bit programmable pulse generation (PPG) mode 

The PPG mode is obtained by inversion of the Timer Flip-flop TFF4 to 
be enabled by match of the up-counter UC16 with the timer register 
TREG 4 or 5 and output it to T04 (also used as P83/T03). In this mode 
the following condition must be satisfied. 

(Set value of TREG4) < (Set value of TREG5) 

I TRUN <----0---- Stop Timer 4. 

I TREG4 <- **** **** **** **** Set the duty rate. 

I TREG5 <- **** **** **** Set the cycle. 

I T4FFCR<- xxOOl 100 Set the TFF4 inversion to be effected 
1 by match with TREG4 or 5. 

1 Initialize TFF4 to "0”. 

1 T4MOD <- X X 1 0 0 1 ** Select the internal clock for the 

1 (**=01,10,11) input,and disable the capture function. 

I SMMOD <-* *-- 

I (**=00,01,10) Select P83 as the T04 pin. 

I P8CR <-1- 

i_TRUN <-1 1- Start Timer 4. 

(Note) x: Don't care - : No change 


March with TREG4 
Match with TREG5 
T04 


Fig. 3.6 (15) Programmable Pulse Output 

(4) Application examples of capture function 

Loading the up-counter (UC16) value into CAPl or CAP2, the Timer Flip- 
flop TFF4 inversion by the match signal from CP4 or CP5, and the 
output of the TFF4 status to T04 pin can be enabled or disabled. 
Various applications are available by combining with the interrupt 
function: 

0 One-shot pulse output by using external trigger pulse. 

0 Frequency measurement. 

0 Pulse width measurement. 

(5) Time deviation measurement. 

0 One-shot pulse output from the rising edge of external trigger pulse. 
Keep the up-counter (UC16) counting (free-running) with by the 
internal clock input by setting T4RUN of the TRUN register to "1". 
The input an external trigger pulse through the TI4 pin, and also load 
the up-counter value into the capture register CAPl at the rising edge 
of TI4 (T4M0D4,3 = 01). 
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When the interrupt INTI is generated at the rising edge of TI4 input, 
set the CAPl value (c) plus a delay time (d) to TREG4, and set the 
above set value (c+d) plus a one-shot pulse width (p) to TREG5. When 
the interrupt INTI occurs the register T4TRG is selected that the TFF4 
inversion is enabled only when the up-counter value matches TREG4 or 
5. When interrupt INTT5 occurs, the inversion is disabled. 


Count Clock 
(Internal Clock) 

Input of TI4 
(External Trigger Pulse 

Match with TREG4 


Match with TREG5 


Timer Output T04 


- Keep counting (Free-Running) 

juuMjL_ 

c + d + p 


c + d 


Load the up-counter value into Capture 
.Resister 1 (CAPl) 



Fig. 3.6 (16) One-Shot Pulse Output (with delay) 


Example: Generate a 2ms one-shot pulse with a 3ras delay from the rising 
edge of an external trigger pulse ("H” level width: 10ms - 
30ns) 


Main setting 



Keep counting (Free-running) 
Count with oTl. 


T4M0D <-xxl01001 


I _^ Load the up-counter value into CAPl at 

th« rising edge of TI4 input. 

T4FFCR<- xxOOOOOO 


[ —> Clear TFF4 to "0". 

SmmOD <_* * --Disable TFF4 inversion. 

(** = n0,01,10) > Select P83 as the T04 pin. 

P8CR <-1- 

INTEL <- 010 - Enable INTI, and disable INTT4 and INTT5. 

TRUN <-11- Start Timer 4. 
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Setting of INTI 

'tREG 4 <- CAPl+3ms/0Tl 
TREG5 <- TREG4+2ms/(zn:i 
T4FFCR<- XX--11- 

LI 

I _^ Enable TFF4 inversion when the up-counter 

value matches TREG4 or 5. 

INTEL <-1- Enable INTT5. 


Setting of INT5 
’T4FFCR<- XX--00-- 

Ll _ 

1_^ Disable TFF4 inversion when the up- 

counter value matches TREG4 or 5. 
INTEL <- 0 - Disable INTT5. 

(Note) x; Don't care - : No change 


When no delay time is required, invert the TFF4 when the up-counter 
value is loaded into CAPl, and set the CAPl value (c) plus the 
one-shot pulse width (p) to TREG5 when the interrupt INTI occurs. The 
TFF4 inversion should be enabled when the up-counter (UC16) value 
matches TREG5, and disabled when generating the interrupt INTT5. 


(Internal Clock) JiJiJUinjL...jifuuL.jinruiiL 

c C + p 


Input of TI4 
(External — 

Trigger Pulse) 

Match with TREG5 

Timer output T04 

Inversion Enable 



I 


I 

T 

I 

I 


Loading the up-counter 
value into 




INTI 


Inversion 

Enable 



INTT5 


Loading the up-counter 
value into Capture 
Register 2 (CAP2) 



(P) 


I 

J Inversion Disable 


Pulse width 


Fig. 3.6 (17) One-Shot Pulse Output (with no delay) 
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Frequency measurement 

The frequency of the external clock can be measured in this mode. The 
clock is input through the TI4 pin, and its frequency is calculated by 
using the 8-bit timers (Timer 0 and Timer 1) and the 16-bit 
timer/event counter (Timer 4); 

The frequency of the external clock is calculated by using the 
frequency of the input clock to Timer 4 (TI4) . The value of the 
up-counter is loaded into the capture register CAPl at the rising edge 
of the Timer Flip-flop TFFl of 8-bit timers (Timer 0 and Timer 1), and 
into CAP2 at its falling edge. 

The frequency is calculated by using the number of input clock in a 
certain period (the difference between the loaded values in CAPl and 
CAP2 when the interrupt (INTTO or INTTl) is generated by either 8-bit 
timer. 


(Input of TI4) _nnjiiinrL. 


TFFl 

Loading UC16 


Loading UC16 
INTTO/INTTl 


Cl 


C2 


into 

CAPl 

into 
CAP 2 



Fig. 3.6 (18) Frequency Measurement 
Pulse width raeasurerant 

This mode allows to measure the "H" level width of an external pulse. 
While keeping the 16-bit timer/event counter counting (free-running) 
with the internal clock input, the external pulse is input through the 
TI4 pin. Then the capture function is used to load the UC16 values 
into CAPl and CAP2 at the rising edge and falling edge of the external 
trigger pulse respectively. The interrupt INTI occurs at the falling 
edge of TI4. 

The pulse width is obtained from the difference between the values of 
CAPl and CAP2 and the internal clock cycle. 


Count Clock 
(Internal Clock) 

TI4 

(External Pulse) 

Loading UC16 into 
CAPl 

Loading UC16 into 
CAP2 

INTI 


JliUUUl.. -JUUM 


Cl 

C2 




_ A j 



1 

hci 

1 

1 

1 

1 

1 

_n_ 




1 

fig - 



I 

n 


Fig. 3.6 (19) Pulse Width Measurement 
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(Note) The external interrupt INTI occurs at the falling edge of TI4 only 
in this pulse width measurement mode (T4M0D4,3 = 10). In any 
other mode, the interrupt occurs at its rising edge. 

The width of "L" level can be obtained from the difference between the 
first C2 and the second Cl when the second INTI interrupt is 
generated. 

^ Time difference measurement 

This mode is used to measure the difference in time between the rising 
edges of external pulses input through TI4 and TI5. 

Keep the 16-bit timer/event counter (Timer 4) counting (free-running) 
with the internal clock, and load the UC16 value into CAPl at the 
rising edge of the input pulse to TI4. Then the interrupt INTI is 
generated. 

Similarly, the UC16 value is loaded into CAP2 at the rising edge of 
the input pulse to TI5, generating the interrupt INT2. 

The time difference between these pulses can be obtained from the 
difference between the time loading the up-counter value into CAPl and 
CAP 2. 


Count Clock 
(Internal Clock) 

Input TI4 


JUlflM... 

Cl 


-.iUUllUL. 

C2 


Input TI5 

Loading UC16 into 
CAPl 

Loading UC16 into 
CAP 2 

INTI 

INT2 



Fig. 3.6 (20) Time Difference measurement 


3.7 Stepping Motor control ports (P6 and P7) 

The TMP90C840 has two 4-bit hardware stepping motor control ports (SMC 
ports MO and Ml) that synchronize with the (8-bit/16-bit) timers. These 
SMC ports MO and Ml are also used as the I/O ports P6 and P7. 

The channel 0 (MO) synchronizes with the trigger signal of the Timer 
Flip-flop TFFl, and the channel 1 (Ml) is synchronous with that of the 
Timer Flip-flop TFF3 or TFF4, for output. 
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The SMC ports are controlled by three control registers (P67CR, SMMOD, 
and SMCR), and allow the selection of driving method: 1) 4-phase 
l-step/2-step excitation and 2) 4-phase 1-2 step excitation. 

3.7.1 Control registers 

(1) Port 6 and Port 7 I/O selection register (P67CR) 

This register specifies either input or output for each bit of the 
4-bit I/O ports 6 and 7. 

When all bits of P67CR are initialized to "0" by resetting, Ports 6 
and 7 function as input ports. 

P67CR is a write-only register (not for readout). 

(2) Stepping motor control port mode register (SMMOD) 

Ports 6 and 7 also function as SMC Ports (MO and Ml) or Timer Output 
Ports (TOl and T03) , as selected by SMMOD1, 0 or SMMOD5, 4. 

When Port 6 is used as SMC Port (MO), SMMODl, 0 should be set to 10 or 

11 . 

When Port 7 is used as SMC Port (Ml), SMMOD5, 4 should be set to 10 to 
make it sjmchronize with the trigger pulse of the timer flip-flop TFF3 
and set at 11 to make it synchronize with the trigger pulse of the 
Timer Flip-flop TFF4. P83 (also used as T03 and T04) can function as 
T03 only when SMM0D5, 4 are set at 11. 

SMM0D2 and SMM0D6 serve to select the excitation method. With "0" the 
full-step (l-step/2-step) excitation is selected and with "1" the 
half-step (1-2 step) excitation is selected. When full-step 
excitation is selected, the selection of either 1 or 2-step excitation 
is determined by the initial output value. 

SMMOD3 and SMM0D7 allow to set the number of phases. 

(3) Stepping motor control port rotating direction control register (SMCR) 
This register controls the rotating direction. The direction of the 
channel 0 (MO) is set by SMCRO (CCW6) and that of the channel 1 (Ml) 
is set by SMCR4 (CCW7). 

"0” denotes normal rotation and "1" denotes reverse rotation. 

(4) Port 6 

This is a 4-bit I/O port allocated to the address FFCCH. 

The lower four bits are assigned as Port 6, while the upper four bits 
function as the shifter alternate register (SA6) for driving the 

stepping motor with the half-step (1-2) excitation. 

(5) Port 7 

This is a 4-bit I/O port allocated to the address FFCDH. 

The lower four bits are assigned as Port 7, while the upper four bits 
function as the shifter alternate register (SA7) for driving the 

stepping motor with the half-step (1-2) excitation. 
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P67CR I 
(FFCEH)i 


P7_P6 


7 

6 5 

4 

3 

2 

1 

0 

P73C 

P72C:P71C 

P70C 

P63C 

P62C 

P61C 

P60C 

1 


! w 


•> 


I W 

I-> 

* 


Select Port 6 I/O 

_ (On bit basis) 

i 0 1 Input 


I 1 I Output 


Select Port 7 I/O 

_ (On bit basis) 

1 0 1 Input 


I 1 I Output 


(Note) *: 

w: 


initial value after reset, 
write only. 


Fig. 3.7 (1) Ports 6 and 7 I/O Selection Registers 
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SMMOD I 
(FFGBH)I 


_P7_P6_ 

7 6 5 4 I 3 2 1 0 I 


SM7M 

1 

1 P70C 

1 : 

1 : 

1 SM6M 

1 : 

1 P60C 

1 : 



1 1 

1 R/W 


1 

1 



1 r 

1 1 

1 1 


Select Port 6 function (On bit basis) 

1 1 

1 

1 

P63 1 P62 1 P61 1 P60 1 SMC 

1 1 

1 

1 

1 i 1 1 Trigger signal 

1 1 

* 1 

00 1 

IN/OUT 1 IN/OUT 1 IN/OUT|IN/OUT| 

1 1 

1 

01 ! 

IN/OUT 1 IN/OUT 1 IN/OUT|IN/TOl| 

1 1 

1 

10 ! 

IN/M03 1 IN/M02|IN/MOl|IN/MOO|TFFl (Timer 0 

1 1 

1 

11 1 

1 1 1 lor Timer 1) 

1 1 

1 1 


IN 

Input port Out : Output port 

1 1 


TOl 

: Timer output port 

1 1 

1 1 


MOO- 

•3: Stepping motor control port 0 

1 1 

1 1 

1 1 

R/W 


^ Stepping motor control port 0 mode 




(excitat Lon) 


* 1 

0 

1 or 2 excitation (Full-step) 


1 

.1 

1-2 Excitation (Half-step) 

1 R/W 



^ Stepping motor control port 0 mode 


(Phase) 


* I 0 I - 

I-1- 

I 1 I 4-phase 


Fig. 3.7 (2a) Stepping Motor Control Port Mode Registers 
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P7 P6 


1 7 6 

5 4 

1 3 2 

1 0 

1 : 

SMMOD 1 SM7M 

1 : 

1 P70C 

1 : 

1 SM6M 

1 : 

1 P60C 

(FFCBH)i : 

1 : 

1 : 

1 


I R/W I 


Select Port 6 function (On bit basis) 




1 P73 1 

P72 1 

P71 1 

P70 1 

P83 1 

SMC 1 



1 1 

1 

1 


1 

Trigger signal! 


00 

1 IN/OUT 1 

IN/OUT 1 

IN/OUT 1 

IN/OUT 1 

1 

1 


01 

1 IN/OUT 1 

IN/OUT 1 

IN/OUT 1 

IN/T03 1 

0UT/T04I 




1 1 

1 

1 


1 

TFF3 1 


10 

i IN/Ml 3 i 

IN/Ml 2 1 

IN/Mlll 

IN/Mioi 

1 

(Timer 2 and | 



1 1 

1 

1 


1 

Timer 3 1 


11 

1 1 

1 

1 


0UT/T03I 

TFF4 1 



1 1 

1 

1 


i 

(Timer 4) 1 


IN ; Input port OUT : Output port 

T03,T04 : Timer output port 

MlO-3: Stepping motor control port 1 


R/W 

_^ Stepping motor control port 1 mode 

(excitation) 


* i 0 I 1 or 2 excitation (Full-step) 


I 1 I 1 - 2 excitation (Half-step) _ 

R/W 

_V Stepping motor control port 1 mode 

(Phase) 


*10 1 - 
I -—1 - 

I 1 I 4-phase 


Fig. 3.7 (2b) Stepping Motor Control Port Mode Registers 
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SMCR 

(FFCFH) 


Fig. 3.7 


P6 

(FFCCH) 


P7 

(FFCDH) 


P7(M1)_P6(M0) 


7 

6 

5 4 1 3 

2 

1 0 

- 

- : 

1 1 

- |CCW7| - 
1 1 

- 

1 

- |CCW6 

1 


R/W 



1 

I 

1 

Stepping motor control port 
direction 

0 

rotating 


1 * 

1 

1 0 1 Normal rotation 

1 1 ... _ . . 


1 

. 1 


1 

i 

1 1 1 Reverse rotation 


1 

1 


1 

1 R/W 





'-> 

Stepping motor control port 
direction 

1 

rotating 


* 

1 0 1 Normal rotation 


1 



1 1 1 Reverse rotation 


1 

(3) 

Stepping Motor Control Port Rotating Direction 

Control Registers 

7 

6 5 4 3 

2 1 0 



1 

1 SA63 
1 

: : 1 1 : : 1 1 

;SA62;SA61|SA60I P63; P62; P61| P60| 

: : 1 1 : : 1 1 



1 

1 

1 




1 

1 

1 w 

1 

1 R/W ^ Port 6 




Shifter alternate register 0 for 
stepping motor control 


7 6 5 4 3 2 1 0 




I R/W ^ Port 7 

Shifter alternate register 
stepping motor control 


1 


for 


Fig. 3.7 (4) Ports 6 and 7 
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3.7.2 4-phase 1-step/2-step excitation 

Figs. 3.7 (5) and (6) show the output waveforms of 4-phase 1-step 
excitation and 2-step excitation when Channel 0 is selected. 

Sets circle by using TIMER-0 or TIMER-1 
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Reverse rotation 

Fig. 3.7 (5) Output Waveforms of 4-phase 1-step Excitation 
(Normal Rotation and Reverse Rotation) 
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jer of TFFl 
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Fig. 3.7 (6) Output Waveforms of 4-phase 1-step Excitation 
(Normal Rotation) 


When Channel 0 is selected, for example, the stepping motor control 
port is controlled as follows: 

The output latch of MO (also used as P6) rotates at the rising edge of 
the TFFl trigger pulse (that inverts the value of TFFl) and is output 
to the port. 

The rotating direction is selected by SMCRO (CCW6). Setting SMCRO to 
"0" selects the normal rotation (MOO -> MOl -> M02 -> M03) , and 
setting it to "1” results in the reverse rotation (MOO <- MOl <- M02 
<- M03). The 4-phase 1-step excitation can be obtained by 
initializing any one bit of Port 6 to "1”, and setting two succeeding 
bits to "1" produces the 4-phase 2-step excitation. 

Fig. 3.7 (7) is a block diagram of the two excitations. 




the signal at the 

Rising-Edge of TFFl-tigger pulse 


Fig. 3.7 (7) Block Diagram of 4-phase l-step/2-step Excitation 
(Normal Rotation) 
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3.7.3 4-phase 1-2 step excitation 

Figs. 3.7 (8) shows the output waveforms of 4-phase 1-2 

excitation when Channel 0 is selected. 
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Reverse 


rotation 


Fig. 3.7 (8) 


Output Waveforms of 4-phase 1-2 step Excitation 
(Normal Rotation and Reverse Rotation) 
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The 4-phase 1-2 step excitation is obtained as follows: 


Given the Port bits | b7 b6 b5 b4 b3 b2 bl bO | initialially 

arranged as | b3 b7 b2 b6 bl b5 bO b2 I , set three succeeding 

bits to "1", and the other bits to "0" (Positive logic). 

For example, initializing b3, b7 and b2 to "1” provides the initial 
value "10001100", which produces the waveforms in Fig. 3.7 (8). 

To obtain the negative logic output, the above initial value of Port 6 
should be inverted. 

That is, the waveforms in Fig. 3.7 (8) can be converted to the 

negative logic output by initializing the P6 bits to "011110011". 

When Channel 0 is selected, for example, the stepping morot control 
port is controlled as follows: 

The output latch of MO (also used as P6) and the stepping motor 
control shifter alternate register (SA6) rotate at the rising edge of 
the TFFl trigger pulse and are output to the port. The rotating 
direction is selected by SMCRO (CCW6). 

Fig. 3.7 (9) is a block diagram of this excitation. 



Fig. 3.7 (9) Block Diagram of 4-phase 1-2 step Excitation 
(Normal Rotation) 
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Example: The registers should be set as follows to drive Channel 0 

(MO) with the 4-phase 1-2 step excitation (normal rotation) 
when Timer 0 is selected: 

76543210 

I TRUN <--------0 Stop Timer 0, and clear it to "0". 

I TMOD <-----00xx Set the 8-bit timer mode. 

I TCLK <-------01 Select j^Tl as the input clock. 

I TREGO <- * * ■***■* * * Set the cycle in Timer register. 

I TFFCR <-----0010 Clear TFFl to "0”, and enable inversion 

I trigger* by Timer 0 

I SMMOD <-----lllx Select 4-phase 1-2 step excitation mode. 

! SMCR <--------0 Select normal rotation. 

1 P67CR <-----1111 Set all P6 bits to the output mode. 

1P6 <-10001100 Initialize the P6 bits. 

1_TRUN <-1-1 Start Timer 0. 

(Note) x: Don't care - : No change 
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3.8 Serial Channel 

The TMP90C840 incorporates a serial I/O channel for full-duplex 
asynchronous transmission (HART) and I/O expansion. 

The serial channel has the following operating modes: 

_ o I/O interface mode - Mode 0: Transmit/receive I/O data for 

I expand I/O and transmit its 

I synchronous signals (SCLK) 

I 

|_ o Asynchronous transmission (UART) mode 

I I Mode 1 : 7-bit data 

-I — Mode 2 : 8-bit data 

I Mode 3 : 9-bit data 


The Mode 1 and Mode 2 allow the addition of a parity bit. The Mode 3 
accommodates a wake-up function to start the slave controllers in a 
controller serial link (multi-controller system). 

Fig. 3.8 (1) shows the data format (1-frame data) in each mode. 


. Mode 0 (I/O Interface Mode) 



Transfer direction 


. Mode 1 (7-bit UART Mode) 



. Mode 2 (8-bit UART Mode) 



. Mode 3 (9-bit UART Mode) 



\ _ ! 

When Bit 8 = Address (select code) is denoted. 

When Bit 8=0 Data.is denoted. 


Fig. 3.8 (1) Data Formats 


MPU90-109 







TOSHIBA 


TMP90C840 


Data received and transmitted are stored temporarily into separate 
buffer registers to allow independent transmission and receiving 
(Full-duplex ). 

In the I/O interface mode, however, the data transfer is half-duplex due 
to the single SCLK (serial clock) pin is used for transmisison and 
receiving. 

Two pins are provided for receiving (RxD, also used as P30 and P31) and 
transmission (TxD, also used as P32 and P33), which allows two serial 
transmisison/receiving using the time-sharing technique. The pin 
function is selected by the P3CR registers. For example, P30 can be 
used as the RxD pin by setting P3CR1, 0 to 01. 

The receiving buffer register has a double-buffer structure to prevent 
overruns. The one buffer receives the next frame data while the other 
buffer store d t he re cei ve data is read by the CPU. 

The use of CTS and RTS allows to halt the data transmission until the 
CPU completes reading of the receive data for each frame (Hand-shake 
function) . 

In the UART mode, a check function is added not to start the receiving 

operation by error start bits due to noise. The channel starts 

receiving data only when the start bit is detected to be normal at least 
twice in three samplings. 

When an request is issued to the CPU to transmit data after the 

transmitting buffer becomes empty or to read data after the receiving 
buffer completed to store data, the interrupt INTTX or INTRX occurs 

respectively. In receiving data, the occurrence of an overrun error, 
parity error or framing error sets the flag (SCCR4, 3 or 2) accordingly. 
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3.8.1 Control Registers 

The serial channel is controlled by four control registers (SCMOD, 
SCCR, TRUN, and P3CR). The received/transmitted data are stored into 
SCBQF. 
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. Transmission data 

bit 8 


Fig. 3.8 (2) Serial Channel Mode Register 
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7 6 5 4 3 2 1 0 


SCCR 

(FFEAH) 



(Caution) Since all error flags are cleared after readout, avoid testing 
for only one bit by using a bit-testing instruction. 


Fig. 3.8 (3) Serial Channel Control Register 
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Fig. 3.8 (4) Serial Transraission/Receiving Buffer Registers 
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TRUN 
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(Note) Also refer to Fig. 3.6 (5) 

Fig. 3.8.(5) Timer/Serial Channel 
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7 6 5 4 3 2 1 0 


P3CR 1 WAITC 1 RDE | ODE 1 TXDC | RXDC 
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Fig. 3.8.(6) Port 3 Control Register 


MPU90-114 























TOSHIBA 


TMP90C840 


3.8.2 Architecture 

Fig. 3.8 (7) is a block diagram of the serial channel. 



Fig. 3.8 (7) Block Diagram of Serial Channel 
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(p Baud-rate generator 

The baud-rate generator comprises a circuit that generates a clock 
pulse to determine the transfer speed for transmission/receiving in 
the asynchronous communication (UART) mode. 

The input clock to the baud-rate generator 0T4, 0T16, 0T64 or 0T256 is 
generated by the 9-bit prescaler. One of these input clocks is 
selected by the timer/serial channel control register TRUN7, 6 
(BRATE). 

Also,.either no frequency division or 1/2 division can be selected by 
the serial channel mode register SCMODl, 0 (SCI, 0). 

Table 3.8 (1) shows the baud-rate when fc = 9.8304 MHz. 

Table 3.8 (1) Baud Rate Selection 


BRATE 


Input clock 


No division(SCl,0=01) 


1/2 division(SCl,0=11) 


00 

1 

0T256 1 

300 

bps 1 

150 bps 

01 

1 

0T64 1 

1200 

bps 1 

600 bps 

10 

1 

0T16 1 

4800 

bps 1 

2400 bps 

11 

1 

4JT4 1 

19200 

bps 1 

9600 bps 


@fc = 9.8304 MHz 


(2) Serial clock generating circuit 

This circuit generates the basic clock for transmitting and receiving 
data. 

1) In case of I/O interface mode 

It generates a clock at a 1/8 frequency of the system clock (fc). 
This clock is output from the SCLK pin (also used as P32/RTS). 

2) In case of asynchronous commumication (UART) mode 

A basic clock is generated based on the above baud rate generator 
clock, the internal clock ol, or the match signal from Timer 2, as 
selected by bits 1 and 0 of SCMOD register (SC). 

(^ Receiving counter 

The receiving counter is a 4-bit binary counter used in the 
asynchronous communication (UART) mode and is counted by using SIOCLK. 
16 pulses of SIOCLK is used for receiving 1 bit data. The data are 
sampled three times at 7th, 8th and 9th pulses and evaluated by the 
rule of majority. For example, if data sampled at the 7th, 8th and 
9th clock are "1”, "0" and "1", the recieved data is evaluated as "1". 
The sampled data "0", ”0" and "1" is evaluated that the received data 
is "0". 

(^ Receiving control 

1) In case of I/O interface mode 

The RxD signal is sampled on the rising edge of the shift clock 
which is output to the SCLK pin. 
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2) In case of asynchronous communication (UART) mode 

The receiving control features a circuit for detecting the start bit 
by the rule of majority. When two or more "0" are detected during 3 
samples, it is recognized as normal start bit and the receiving 
operation is started. 

Data being received are also evaluated by the rule of majority. 
Receiving buffer 

The receiving buffer has a double-buffer structure to prevent 
overruns. Received data are stored into the Receiving buffer 1 (shift 
register type) for each 1 bit. When 7 or 8 bits data are stored in 
the Receiving buffer 1, the stored data is transferred to the 
Receiving buffer 2 (SCBUF), and the interrupt INTRX occurs at the same 
time. The CPU reads out the Receiving buffer 2 (SCBUF). Data may be 
stored into the Receiving buffer 1 before the CPU reads out the 
Receiving buffer 2 (SCBUF). Note, however, that an overrun occurs 
unless the CPU reads out the Receiving buffer 2 (SCBUF) before the 
Receiving buffer 1 receives all bits of the next data. When an 
overrun occurred, the data in the buffer 2 and RB8 are not lost, 
however, that in the buffer 1 are lost. 

SCCR7 (RB8) stores the parity bit in the case adding parity in the 
8-bit UART mode and the MSB in the 9-bit UART mode. 

In the 9-bit UART mode, setting SCM0D4 (WU) to "1" enables the wake-up 
function of the slave controllers, and the interrupt INTRX occurs only 
if RB8=1. 

Transmission counter 

This is a 4-bit binary counter used in the asynchronous communication 
(UART) mode. Like the receiving counter, it counts based on SIOCLK to 
generate a transmission clock TXDCLK for every 16 counts. 


SIOCLK 


XJUUUUUUUULXJ^^ 


15 16 111 


TXDCLK 


5 6 7 8 9 10 11 12 13 14 15 16 11! 


( 2 ) Transmission control 

1 ) I/O interface mode 

Data in the transmission buffer are output to the TxD pin for each 
bit at the rising edge of the shift clock output from the SCLK pin. 

2 ) Asynchronous communication (UART) mode 

When the CPU have written data into the transmission buffer, 
transmission is started with the next rising edge of TxDCLK, and a 
transmission shift clock TxDSFT is generated. 

Hand-shake function 


The TMP90C840_supports a hand-shake fu nction, by which the 

connection of CTS of one TMP90C840 and RTS of the other TMP90C840 
allows receiving/transmitting data on a frame basis to prevent 
overrun errors. This function is enabled or disabled by the control 
register SCCRO (CTSE). 
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When the last bit (parity bi t or MSB) of 1-frame data is received by 
the receiving unit, the RTS pin turns to the "H" level to request 
the transm iss ion unit to halt transmission. 

When the CTS pin turned to the "H” level, the transmission unit 
halts transmission, after completing the current data transmission, 
until the pin turns to the "L" level. At this time, the interrupt 
INTTX is generated, to request the CPU to transfer data. Then the 
data is written into the transmission buffer, and the CPU is placed 

in the standby mode. _ 

When the received data are read by the receiving unit, the RTS pin 
returns to the "L” level, requesting that the transmission is 
restarted. 


TMP90C840 TMP90C840 



Transmission unit 


Receiving unit 


Fig. 3.8 (8) Hand-shake Function 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2 
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11 
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RTS 


(Note) In case of 8-bit asynchronous communication (UART), the last bit 
is the bit 7 in the non-parity mode, and the parity bit in the 
parity-added mode.. 

Fig. 3.8 (9) Timing Chart of RTS (request to send) Signal 
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Data write timing 




- 

stopped 
Transmission 

13 14 15 16 1 2 3 




14 15 16 1 2 3 


SIOCLK 


TXDCLK 

TxD 




n 


11 




start bit 


X 


bit 0 


(Note) 1) Keep the GTS signal at the "H” level until data are written into 
the transmissio n bu ffer (SCBUF). 

A fall of the GTS signal halts the transmisison of the next 
data. 

2) The transmission is re started from the first fall of TXDGLK 
after a fall of the GTS signal. 

Fig. 3.8 (10) Hand-shake by GTS (clear to send ) Signal 


@ Transmission buffer 

The transmission buffer (SGBUF) shifts out the data written by the GPU 
from the LSB as based on the shift clock TXDSFT generated by the 
transmission control unit. When all bits are shifted out, the 
transmission buffer becomes empty, generating the interrupt INTTX. 

Parity control circuit 

Setting the serial channel control register SGCR5 (PE: Parity enable) 
to ”1" allows the addition of a parity bit in transmitting/receiving 
data, only in the 7-bit UART or 8-bit UART mode. Either even or odd 
parity can be selected by the SCGR6 (EVEN) register. 

In the transmission mode, the parity is automatically generated as 
based on the data written into the transmission buffer (SGBUF), 
storing into the 7th bit (TB7) of SGBUF in the 7-bit UART mode or into 
TB8 in the 8-bit UART mode for transmission. PE and EVEN should be 
designated before writing data into the transmission buffer. 

In the receiving mode, the parity is generated from data shifted into 
the receiving buffer 1 and transferred to the receiving buffer 2 
(SGBUF). A parity error is detected and the PERR flag is set if the 
parity status mismatches the 7th bit (RB7) of•SGBUF in the 7-bit UART 
mode or RB8 in the 8-bit UART mode. 

3.8.3 Operation 

(1) Mode 0 (I/O interface mode) 

This mode is used to increase the number of I/O pins of the TMP90G840 
for transmitting/receiving data and supplying a synchronous clock 
(3GLK) to an external shift register. 
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Output Port Expansion Input Port Expansion 



TC74HC595 TC74HC166 

Fig. 3.8 (11) I/O Interface Mode 


(T) Tr ansmission 

Each time the CPU writes data into the transmisison buffer, 8-bit data 
are output from TxD pin. When all data are output, IRFTX is set, and 
the interrupt INTTX occurs. 



IRFTX _ 

(INTTX Interrupt Flag) 


Fig 3.8 (12) Transmitting Operation (I/O Interface Mode) 


( 2 ) Receiving 

Each time the CPU reads the receiving data and clears the receiving 
interrupt flag IRFRX, the next data are shifted into the receiving 
buffer 1. When 8-bit data are received, the data are transferred to 
the receiving buffer 2 (SCBUF), which sets IRFRX and generates 
interrupt INTRX. 

For receiving data, the receiving enable state is previously set 
(RxE=l). 
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interrupt flag) 
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Fig 3.8 (13) Receiving Operation (I/O Interface Mode) 


(2) Mode 1 (7-bit UART mode) 

The 7-bit UART mode is obtained by setting the serial channel mode 
register SCM0D3 2 (SM) to "01". 

This mode allows the addition of a parity bit, which is enabled or 
disabled by the serial channel control register SCCR5 (PE). When PE = 
1 (enable), even or odd parity can be selected by SCCR6 (EVEN). 

Example; When transmitting data with the following format, the 
control registers should be set as described below. 


even 


parity 



(Baud Rates 2400 baud @fc = 9.8304 MHz) 


■< - Transfer direction 


P3CR <-----01-- Select P32 as the TxD pin. 

SCMOD <-x0-x0111 Set the transfer speed at 2,400 bps in 

TRUN <-101 - the 7-bit UART mode. 

SCCR <-xl IxxxxO Add an even parity. 

INTEL <- 1 Enable INTTX interrupt. 

SCBUF <-******** Set data for transmission. 


(Note) x: Don't care - : No change 
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(3) Mode 2 (8-bit UART mode) 

The 8-bit UART mode is obtained by setting SCMOD3 and SCM0D2 (SM) to 
”10''. This mode also allows the addition of a parity bit, as enabled 
or disabled by SCCR5 (PE). When PE = 1 (enable), even or odd parity 
can be selected by SCCR6 (EVEN). 

Example: When receiving data with the following format, the control 

registers should be set as described below. 


odd 
parity 




(Baud Rates 9600 bps @fc = 9.8304 MHz) 
-Transfer direction 


Main setting: 

Select P30 as the RxD pin. 

Add an odd parity. 

Set the transfer speed at 9,600 bps in 
the 8-bit UART mode. 

Enable INTTX interrupt. 

INTRX processing 


I P3CR <-01 

1 SCCR <-x01xxxx0 

I TRUN <-111 - 

I SCMOD <--01x1011 
I INTEL <-1- 


1 Acc <- SCCR ^ 00011100 Check errors. 

I If Acc = 0 then erro 

I Acc <- SCBUF Read out the received data. 


(Note) x; Don't care - ; No change 


(4) Mode 3 (9-bit UART mode) 

The 9-bit UART mode is obtained by setting SCM0D3, 2 (SM) = "ll". The 
addition of a parity bit is disabled in this mode. 

The MSB (9th bit) is written into TB8 for transmission, and into RB8 
for receiving. Writing into or reading from the buffer must begin 
with the MSB followed by SCBUF. 


Wake-up function 

In the 9-bit UART mode, setting SCMOD4 (WU) to "I” allows the wake-up 
operation of the slave controllers. The interrupt INTRX occurs only 
when RB8 = 1. 
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TMP90C840 TMP90C840 TMP90C840 TMP90C840 


(Note) For the wake-up operation, P33 should be always selected as the 
TxD pin of the slave controllers, and put in the open drain 
output mode. 

Fig. 3.8 (14) Serial Link Using Wake-up Function MPU90-137 


I Protocol I 

(T) Select the 9-bit UART mode for the master and slave controllers. 

Set the WU bit of each slave controller to "1" to enable data 
receiving. 

(3) The master controller transmits 1-frame data including the 8-bit 
select code for the slave controllers. The MSB (bit 8) is set to ”1". 



select code of slave controller. "1" 


(4) Each slave controller receives the above frame, and clears the WU bit 
to "0" if the above select code matches its own select code. 

The master controller transmits data to the specified slave controller 
(whose WU bit is cleared to "0"). At the same time, the MSB (bit 8) 
is cleared to "0". 
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@ The other slave controllers (with the WU bit remaining at "1") ignore 
the receiving data because their MSBs (bit 8 or RB8) are set to "0" to 
disable the interrupt INTRX. 

When the WU bit is cleared to "0", the interrupt INTRX occurs, making 
it possible to read the receiving data. 

Only when WU = 0, the slave controllers can transmit data to the 
master controller, including those indicating the end of data 
receiving. 

Example; Link two slave controllers serially with the master 
controller, and use the internal clock ol as the transfer 
clock. 



Select Code Select Code 
00000001 00001010 


o Set the master control 
Main 

1 P3CR <----001 10 Select P32 as TxD and P31 as RxD. 

I INTEL <- 11 Enable INTRX and INTTX. 

1 SCCR <-xxxxxxx0 Disable the hand-shake function. 

I SCMOD <-10101110 Select ol as the transfer clock in the 
1 9-bit UART mode. 

I SCBUF <-00000001 Set the select code for the slave con- 

troller 1. 

INTTX interrupt 

1”SCM0D <- 0- Set TBS to "0”. 

|_SCBUF <-******** Set data for transmission. 

o Set the slave controller 2 

Main 


1 P3CR <- 11010 Select P33 as TxD and P31 as RxD. 

I INTEL <- 11 Enable INTRX and INTTX. 

I SCCR <-xxxxxxx0 Disable the hand-shake function. 

i_SCMOD <-00111110 Set WU to 1 in the 9-bit UART mode 

(transfer clock: ol) . 
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INTRX interrupt 

TAcc <- SCBQF 
I if Acc = Select code 

i_then SCMOD <- --0 - -- Clear WU to "0". 

(Note) x: Don't care - : No change 


3.9 Analog/bigital Converter 

The TMP90C840 incorporates a high-speed and high-precision analog/ 
digital converter (A/D converter) with six analog input channels that 
features f8-bit sequential comparison. 

Fig. 3.9 (1) is a block diagram of A/D converter. The 6-channel analog 
input pin (AN5 - ANO) is also used as the input port P5. 


Internal Data Bus 



Fig. 3.9 (1) Block Diagram of A/D Converter 
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3.9.1 Control Registers 


7 6 5 4 3 2 1 0 


ADMOD 

(FFEFH) 



I 1 I A/D conversion ended 


Fig. 3.9 (2) A/D Converter Mode Register 
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MSB LSB 

7 6 5 4 3 2 1 0 


TMP90C840 


ADREG I ::::::: I 
(FFEEH) I ::::::: i 

A/D conversion result register (Read only) 

Fig. 3.9 (3) A/D Conversion Result Register 


3.9.2 Operation 

(1) Analog reference voltage 

The high analog reference voltage is applied to the VREF pin, and the 
low analog reference voltage is applied to the AGND pin. 

The reference voltage between VREF and AGND is divided by 256 by 
connecting ladder resistance, and compared with the analog input 
voltage for A/D conversion. 

(2) Analog input channels 

For the A/D conversion, one of the six analog input channels (ANO 
(P50) to AN5 (P55)) is selected by the register AIMOD2-0 (ADCH). 

ADCH is initialized to "000" by resetting, whereby the ANO pin is 
selected. 

The pins not used for the analog input can be used for ordinary input 
(P5). 

(3) Selection of A/D conversion speed 

Normally, the A/D converter is used in the high-speed conversion mode 
that completes the operation in 95 states (19 Ms @fc=10MHz). 

When using an oscillation frequency of more than lOMHz, set the 
register ADM0D4 (ADCS) to "1" and obtain the conversion speed of 190 
states (38 us, @fc=10MHz). 

ADCS is initialized to "0" by resetting, by which the A/D converter 
turns to the high-speed conversion mode. 

(4) Starting A/D conversion 

The A/D conversion is started by writing "1" into the register ADMOD3 
(ADS). When the A/D conversion is started, the ADM0D5 (ADBF) flag is 
set to "1", indicating that the conversion is in progress. 

(5) A/D conversion end and interrupt 

When the A/D conversion is completed, the ADM0D6 (EOCF) flag is set to 
"1", indicating that the A/D conversion is completed. Then the ADBF 
flag is cleared to "0" to generate the interrupt INTAD. 

INTAD (interrupt by the A/D converter) is controlled by the interrupt 
enable flag INTEL 7 (IET2), also used for INTT2 (interrupt by Timer 
2). Either INTAD or INTT2 is selected by the INTEH3 (ADIS) flag. To 
generate INTAD interrupt, both IET2 and ADIS should be set to "1". 

Both INTAD and INTT2 jump to the same vector address (0040H), but can 
be distinguished by the ADIS flag. 

When INTAD is latched, the INTAD status cannot be cleared by software. 
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(6) Reading A/D conversion results 

The results of A/D conversion are stored into the ADREG register. 

By reading the contents of the ADREG register, EOCF flag is cleared to 
" 0 ". 

When the contents of the ADREG register is read while the A/D 
conversion is performed, the A/D conversion results become undefined. 
A/D conversion is stopped by a HALT instruction except in the RUN 
mode, by which the A/D conversion results also become undefined. 

In the RUN mode, A/D conversion is not stopped by a HALT instruction. 

Example: [1] Analog input voltage to the AN3 pin is converted to a 

digital value in the high-speed conversion mode (95 
states), and the result is stored into the memory address 
FFIOH by using A/D interrupt INTAD service routine. 


Main setting 

Set INTADE to "1". 

Enable INTT2 

Select AN3 as the analog input channel, 
and start the A/D conversion in the high¬ 
speed conversion mode. 


Load the contents of ADREG into the ac-. 
cumulator. Store the accumulator value 
into the memory address FFIOH. 

Example: [2] Analog input voltage to the AN2 pin is converted to a 

digital value in the high-speed conversion mode (95 
states), and the result is loaded into the accumulator when 
the end of conversion is detected by the EOCF flag. 


1 - 

xxxOlOll 


A/D interrupt service routine 

r A <- ADREG 

I (FFIOH) <- A 


I INTEH <- 
i INTEL <- 
I ADMOD <- 


ADMOD <-xxx01010 

loop: 

if EOCF = 0 then loop 
else A <- 


Select AN2 as the analog input channel, 
and start the A/D conversion in the high¬ 
speed conversion mode. 


ADREG 


(Note) x: Don't care 


No change 


3.10 Watchdog timers (Runaway detecting timer) 

When the mulfunction (runaway) of the CPU occurs due to any cause such 
as noise, the watchdog timer (WDT) detects it to return to the normal 
sate. When WDT has detected malfunction, a non-maskable interrupt is 
generated to indicate it to the CPU. 
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3.10.1 Architecture 

Fig. 3.10 (1) is a block diagram of the watchdog timer (WDT). 

The watchdog timer consists of a 20-stage binary counter (input clock: 
o @fc/2), a flip-flop that disables/enables the selector, a selector 
that selects one of the four output clocks generated from the binary 
counter, and two control registers. 


INTWD Interrupt 



Internal Data Bus 


Fig. 3.10 (1) Block Diagram of Watchdog Timer 


3.10.2 Control Registers 

WDT is controlled by two control registers (WDMOD and WDCR). 

(1) Watchdog timer mode register (WDMOD) 

1 Set the detecting time of watchdog timer (WDTP) 

The WDT interrupt period is set by this 2-bit flag. WDTP is 
initialized to ”00" by resetting, providing the initial set value of 
2 /fc (sec.) (approx. 8,192 states). 
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@ WDT enable/disable control (WDTE) 

WDTE is initialized to "1” by resetting, which enables the watchdog 
timer function. 

To disable the function, the bit should be cleared to "0” and the 
disable code "BIH” should be written into the WDCR register. By 
using this dual procedure, it becomes hard to disable the WDT even 
if the malfunction occurs. 

The disable state can be returned to the enable state by setting the 
WDTE bit to "1". 
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1 


0 


WDMOD IWDTEl WDTP |WARM| HALTM | EXF |DRVE 
(FFD2H) i I : I I : I I 


R/W 


R/W 


R/W 


R/W 


R/W ^ See ”3.4.4 STOP Mode". 


Invert at each EXX instruc¬ 
tion execution. 


^ Select standby mode by HALT 
instruction (HALT mode) 


* 1 

00 1 

RUN Mode 

1 

01 1 

STOP Mode 

1 

10 1 

IDLEl Mode 

1 

11 1 

IDLE2 Mode 


^ Select warming-up time x/hen 
returned from stop mode. 


2^^/fc (Approx. 1.6 ms) 


2^^/fc (Approx. 6.6 ms) 


(Note) fc = 10 MHz 

. Select detecting period of 
watchdog timer (WDTP). 


00 


01 


10 


11 


2^^/fc (Approx. 1.6 ms) 


2^^/fc (Approx. 6.6 ms) 


.18 


2 /fc (Approx. 26.2 ms) 


Of) 

Z /fc (Approx. 105 ms) 


(Note) fc = 10 MHz 

^ Watchdog timer enable/disable control 

I 0 I Disable (Interactive with WDCR) | 
* 1 Enable I 


(Note) To disable the WDT function, the disable code should be written 
into the WDCR register. 


Fig. 3.10 (2) Watchdog Timer Mode Register 
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(2) Watchdog timer control register (WDCR) 

This register is used to disable the watchdog timer function and clear 
the binary counters, 
o Disable WDT 

The watchdog timer can be disabled by, after clearing WDM0D7 
(WDTE) to ”0", writing the disable code (BIH) into this WDCR 
register. 

1 WDMOD <- 0-XX Clear WDTE to "0". 

1_WDCR <- 10110001 Write disable code (BIH). 

o Clear binary counter 

The binary counter can be cleared and resume counting by writing 
the clear code (4EH) into the WDCR register. 

WDCR <- 01001110 Write clear code (4EH). 


7 6 5 4 3 2 1 0 


WDCR 1 
(FFD3H) I 


^ Disable/clear watchdog timer. 


BIH I 

Disable code 

4EH *1 

Clear code 

Other 1 

- 


Fig. 3.10 (3) Watchdog Timer Control Register 
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3.10.3 Operation 

The watchdog timer generates INTWD (watchdog timer interrupt) after a 
time specified by the register WDM0D6, 5 (WDTP). The binary counter 
for the watchdog timer is cleared to "0" by software (instruction) 
before the interrupt occurs. If the CPU caused a malfunction 
(runaway) for reason such as noise and fails to execute the 
instruction to clear the binary counter, the counter will overflow and 
the watchdog timer interrupt INTWD occurs. The CPU detects the 
malfunction (runaway) by this interrupt. 

The watchdog timer starts its operation as soon as the reset state is 
cleared. 

The watchdog timer stops its operation only in the STOP mode. When 
the STOP mode is released, the watchdog timer starts its operation 
after a specified warming-up time. 

In the other standby mode (IDLE 1, IDLE 2 or RUN modes), the watchdog 
timer is enabled. However, the function can be disabled before 
selecting any of these modes. 


Example: (1) Clear the binary counter. 

WDCR <- 01001110 Write clear code (4EH) 

(2) Set 2^^/fc for the detecting time of watchdog timer. 
WDMOD <- 101-XX 


(3) Disable the watchdog timer. 

WDMOD <- 0-XX Clear WDTE to ”0" 

WDCR <- 10110001 Write disable code (BIH) 

(4) Select the IDLE 2 mode. 

WDMOD <- 0-IIXX Disable WDT and set IDLE 2 mode 

WDCR <- 10110001 Select the standby mode 
Execute HALT instruction 

(5) Select the STOP mode (Warming-up time: 2^^/fc) 

WDMOD <-lOlXX Select STOP mode 

Execute HALT instruction 

Select the standby mode 
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4. ELECTRICAL CHARACTERISTICS 

TMP90C840N/TMP90C840F/TMP90841N 


4.1 Absolute tnaximura ratings 



Symbol 1 

Parameter 

Rating 

1 Unit 1 


vcc i 

Supply voltage 

1 

o 

1 

+ 

i V 1 


VIN 1 

Input voltage 

-0.5 - Vcc +0.5 

1 V 1 


PD 1 

Power dissipation (Ta=85‘C) 

250 

1 mV 1 


TSOLDERl 

Soldering temperature 

260 

1 'c 1 


TSTG 1 

Storage temperature 

-65 - 150 

1 'c 1 


TOPR 1 

Operating temperature 

-40 - 85 

1 ‘c 1 


.2 DC 

characteristics 


TA=-40 ~ 

85'C 

Vcc=5V±10% 


1Symbo1 

1 Parameter 

1 Min. 

1 Max. 

lUnit 

1 Test 




1 

1 

1 

1 Condition 


1 VIL 

1 Input Low Voltage (PO) 

1-0.3 

10.2VCC-0 

11 V 

1 


1 VILl 

1 P1,P2,P3,P4,P5,P6,P7,P8 

1-0,3 

io.3Vcc 

1 V 

1 


1 VIL2 

1/RESET, INTO,/NMI,xl,x2 

1-0.3 

io.25Vcc 

1 V 

1 


1 VIL3 

l/EA 

1-0.3 

10.3 

1 V 

1 


1 VIH 

1 Input High Voltage (PO) 

10.2VCC+1, 

llVcc+0.3 

1 V 

1 


1 VIHl 

1 P1,P2,P3,P4,P5,P6,P7,P8 

1 0.7VCC 

1Vcc+0.3 

1 V 

1 


1 VIH2 

1/RESET,INTO,/NMI,xl,x2 

10.75VCC 

1Vcc+0.3 

1 V 

1 


i VIH3 

1 /EA 

1Vcc-0.3 

1Vcc+0.3 

1 V 

1 


1 VOL 

1 Output Low Voltage 

1 

10.45 

mmm 

1IOL=1.6mA 


1 VOH 

1 Output High Voltage 

12.4 

1 

1 V 

1IOH=-400UA 


1 VOHl 


10.75Vcc 

1 

1 V 

1 IOH=-100UA 


1 VOH2 


io.9Vcc 

1 

1 V 

1IOH=-20UA 


1 IDAR 

1 Darlington Drive Current 

1-1.0 

1-5.0 

1 mA 

1VEXr=1.5V 



1(81/0 pins) 

1 

1 

1 

1 REXT=1. IkJ^ 


1 ILI 

1 Input Leakage Current 

1 

1±5 

1 UA 

io.2<Vin<Vcc 




1 

1 

1 

1-0.2 


1 ILO 

1 Output Leakage Current 

1 

1±10 

1 UA 

10.2<Vin<Vcc 




1 

1 

1 

1-0.2 


1 ICC 

1 Operating Current (RUN) 

1 

140 

1 mA 

1tosc=10MHz 



1 Idle 1 

1 

1 5 

1 mA 

1 



1 Idle 2 

1 

115 

1 mA 

1 



1 STOP 

1 

ITBD 

1 UA 

10.2<Vin<Vcc 




1 

1 

1 

1-0.2 


iV STOP 

1 Power Down Voltage 

ITBD 

I 6 

1 V 

IVcc MIN: RAMl 



I 


1 

1 BACK UP 


1 R REST 

1/RESET Pull Up Register 

150 

1150 

1 Kohml 


1 CIO 

1 Pin Capacitance 

1 

110 

1 PF 

1testfreq= 




1 

1 

1 

1 IMHz 


1 VTH 

1 Schmitt width/RESET,/NMI, 

10.4 

1 

1 V 

1 



i INTO 

1 

1 

1 

1 
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4.3 AC power characteristics 


TA=-40 - 85'C Vcc=5V±10% 

CL=50PF 


1 Sjmibol 

1 Parameter 

(1 OMHz 

Clock 

Variable | 

Units 



1 

I Min. 

Max. 

Min. Max. | 



1 tosc 

lose. Period=x 

1 100 


100 1000 1 

ns 


1 tCYC 


1 400 


4x 4x 1 

ns 


i tWL 

1CLK Low width 

1 160 


2X-40 1 

ns 


1 tWR 

1 CLK High width 

1 160 


2X-40 1 

ns 


1 tAC 

(Address Setup to /RD, /WR 

1 50 


x-50 1 

ns 


1 tRR 

1/RD Low width 

1 210 


3X-90 1 

ns 


1 tCA 

(Address Hold Time After/RD./WR 

1 30 


30 ( 

ns 


1 tAD 

(Address to Valid Data In 

1 

240 

4X-160I 

ns 


! tRD 

I/RD to Valid Data In 

1 

170 

3X-130I 

ns 


1 tDR 

(Data Setup to/RD 

1 40 


40 ( 

ns 


1 tHR 

(Input Data Hold After /RD 

1 0 


0 1 

ns 


1 tww 

1/WR Low width 

1 210 


3x-90 1 

ns 


1 tDW 

1 Data Setup to /WR 

1 150 


2X-50 1 

ns 


I tWD 

(Data Hold After /WR 

1 30 

90 

30 x-10 1 

ns 


1 tCWA 

(/RD,/WR to Valid /WAIT 

1 50 


2X-150 1 

ns 


1 tAWA 

(Address to Valid /WAIT 

1 120 


3X-180 1 

ns 


1 tWAS 

I/WAIT Setup to CLK 

1 70 


70 1 

ns 


1 tWAH 

I/WAIT Hold After CLK 

1 0 


0 1 

ns 


1 tRV 

1 Recovery Time 

( 90 


x-10 1 

ns 


1 tCPW 

(CLK to Port Data Output 

1 

300 

x+200i 

ns 


1 tPRC 

(Port Data Setup to CLK 

1 200 


2x 1 

ns 


1 tCRP 

(Port Data Hold After CLK 

1 100 


1 x ( 

ns 



o AC output level High 2.2V / Low 0.8V 

o AC input level High 2.4V / Low 0.45V (DO-0.7) 

High O.SVcc/ Low 0.2Vcc (excluding D0-D7) 
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4.4 A/D conversion characteristics 


TA=-40 - 85‘C Vcc=5V±10% 


Symbol 


Parame ter 


VREF Analog reference voltage 


AGND Analog reference voltage 


VREF-AGND (Allowable analog reference 
I voltage 


VAIN Allowable analo 


g 


Nonlinear error 


Zero error 


Full-scale error 


Total error 



4.5 Zero-cross characteristics 


TA=-40 - 85‘C Vcc=5V±10% 
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4.6 Timing chart 
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. OUTSIDE DIMENSIONS 


5.1 DIP package 


Unit: mm 



57.7MAX 


19.05±0.15 
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5.2 Mini-flat package 


Unit: mm 
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6. CAQTIONS 

Followings are some important cautions for the user of the TMP90C840: 

(1) An undefined or write-only bit of the internal I/O register is always 
set to "1" when read out. 

(2) The write-only bit is always calculated as ”1" when internal I/O 

register containing the write-only bit is accessed by using a 

read-modify-write instruction (operation between memory and immediate 
address, bit set/reset instruction, etc.). 

(3) The system adopts the pipeline processing in which it prefetches a 1 
byte instruction. Thus a jump instruction may cause the system to 
fetch the instruction that follows the jump instruction. This may 
also occur for call or return instruction. 

(4) If an undefined code is executed, no subsequent operation will be 
guaranteed. 

(5) The internal watchdog timer is returnd to the "enable" mode by 

resetting. If this function is not required, the watchdog timer 
should be placed in the "disable" mode. 

(6) After the power is turned on, no internal device can be reset until 

the oscillator starts its operation, placing the output and I/O ports 
in the undefined state. In order to define their status, a separate 
external circuit is required. 
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Appendix A Table of Machine Instructions (1/11) 
1. 8-bit transfer 


1 Instruction! 

Mnemonic 

! Code 

! Function 

! SZIHXVNC! T 



! ID 

A, r 

!20+r 

1 A<-r 

1-1 2 


! LD r, r 

!ld 

r ,A 

!28+r 

ir<-A 

1-1 2 



1 ID 

r.g 

! F8+g:30+r 

1 r<-g 

1-1 4 


! LD r ,n 

! ID 

r,n 

!30+r;n 

1 r<-n 

1-1 4 



1 ID 

A,(n) 

i27:n 

|A<-(n) 

1-1 8 



!LD 

r, (gg) 

!EO+gg:28+r 

1r<-(gg) 

1-1 6 


! LD r, mem 

! LD 

r,(ix+d) 

! F0+ix:d:28+r 

1r<-(ix+d) 

1-1 10 



!ld 

r,(HL+A) 

! F3:28+r 

|r<-(HL+A) 

1-1 14 



1 LD 

r,(mn) 

! E3 : n:m:28+r 

1r<-(mn) 

1-1 10 



!ld 

r, (n) 

! EF:n:28+r 

1r<-(n) 

1-1 8 

I .. .. I 



iLD 

(n) ,A 

!2F:n 

1 (nX-A 

1-1 8 



! LD 

(gg).r 

1 E8+gg;20+r 

! (ggX-r 

!-! 6 


! LD mem,r 

! LD 

(ix+d),r 

! F4+ix:d;20+r 

!(ix+d)<-r 

j-1 10 



! LD 

(HL+A),r 

!F7:20+r 

1 (HL+AX-r 

1-1 14 



!ld 

(mn),r 

!EB:n:m:20+r 

1 (mnX-r 

j-1 10 



1 LD 

(n), r 

jEF:n:20+r 

1 (nX-r 

1-1 8 



! LD 

(gg).n 

1 E8+gg:37 -.n 

1 (ggX-n 

j-1 8 



!ld 

(ix+d) ,n 

!F4+ix;d;37;n 

1(ix+d)<-n 

1-1 12 


! LD mem,n 

1 ID 

(HL+A) ,n 

! F7;3 7:n 

1 (HL+AX-n 

(-1 16 



!ld 

(vw),n 

!EB:w:v:37:n 

1 (vwX-n 

!-! 12 



! LD 

(w) , r 

! 3 7; w; n 

1 (wX-n 

1-1 10 



2. 16-bit transfer 


Instruction! Mnemonic i Code i Function j SZIHXVNC| T 

TlD HL,rr j40+rr iHL<-rr 1 - 1 4 

LD rr,rr j LD rr,HL i48+rr I rr<-HL I - 1 4 

ILD rr.gg iF8+gg:38+rr |rr<-gg j-j 6 


LD rtjnn j ID rr,nin |38+rr;n:m | rr<-nm j-1 6 


iLD HL,(n) |47:n |HL<-(n)W I -j 10 

iLD rr,(gg) iE0+gg:48+rr |rr<-(gg)W j-j 8 

LD rr,mem | ID rr,(ix+d)|FO+ix:d;48+rr irr<-(ix+d)W j-1 12 

iLD rr,(HL+A)lF3;48+rr |rr<-(HL+A)W |-j 16 

I ID rr,(mn) I E3:n:m;48+rr |rr<-(inn)W j-j 12 

|LD rr,(n) |E7;n:48+rr |rr<-(n)W j-j 10 


iLD (n),HL |4F:n |(n)W<-HL j-j 10 

ILD (gg).rr iE8+gg:40+rr |(gg)W<-rr j-j 8 

LD mem.rr |LD (ix+d),rr|F4+ix;d;40+rr |(ix+d)W<-rr j---—-j 12 

iLD (HL+A),rr|F7;40+rr j(HL+A)W<-rr j-j 16 

iLD (mn),rr j EB: n: m: 40+rr i(nin)W<-rr j----j 12 

iLD (n),rr |EF;n:40+rr |(n)W<-rr |-j 10 


I LDW (gg),nin j E8+gg:3F: n:m | (gg)W<-nm |-1 12 

ILDW (ix+d),mnIF4+ix;d:3F:n;ra|(ix+d)W<-mn j-1 16 

LDW mem,nn |LDW (HL+A),mnjF7:3F:n:m I(HL+A)W<-mn j-j 20 

*• jlDW (vw),mn | EB:w: v:3F:n:m | (vw)W<-mn I -j 16 

_ LDW (w) ,mn |3F:w:n:m _ | (w)W<-nin _ |-| 14 

PUSH I PUSH qq 150+qq ISP<-SP-2,(SP)W<-qq |-1 g 

POP _ I POP qq _ |58+qq _ |qq<-(SP)W,SP<-SP+2 _ j- | ip 
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Appendix A Table of Machine Instructions 


Appendix A Table of Machine 

Instructions 

(2/11) 



IRSBEBaSSnBSBSH 

Code 

1 

Function 

ISZIHXVNCi T 

iLDA rr.mem 1LDA rr,ix+d 

1 F4+ix:d:38+rr 

1rr<-ix+d 


1-1 10 

1 iLDA rr,HL+A | 

F7:38+rr 

1rr<-HL+A 


1-1 14 


3. Exchange 

, block transfer 

and search 



Instruction 

1 Mnemonic 

1 Code 

1 Function 

1SZIHXVNC1 T 

1 

1 EX DE.HL 

IE 

1DE<—>HL 

1-1 2 

lEX rr.rr 

lEX AF.AF' 


iAF<—>AF' 

1-1 2 

1 

1 - 

1 EXX 

IE 

1 BC/DE/HL<—>BC ' /DE ' /HL' 

1-1 2 

. 1__ ._._l .- . 

1 --- 

1 

iEX (gg),rr 

1 

1 E0+gg:50+rr 

1(gg)W<—>rr 

1-1 14 

1 

1 EX (ix+d),rr 

1F0+ix;d;50+rr 

1 (ix+d)W<—>rr 

1-1 18 

1 EX inem,rr 

lEX (HL+A),rr 

iF3:50+rr 

1 (HL+A)W<—>rr 

1-1 22 

1 

1 EX (mn) ,rr 

1E3:n:m:50+rr 

1(mn)W<—>rr 

1-1 18 

1 

I 

1 EX (n),rr 

iE7:n:50+rr 

1(n)W<—>rr 

1-1 16 

. 1 .. 1 _ 

1 

iLDI 

1 LDI 

|FE:58 

i(DE)<-(HL) 

1-O-MO-1 14 

1 



1DE<-DE+1 

1 1 

1 



1HL<-HL+1 

1 1 

1 

1 



|BC<-BC-1 

1 1 
_ 1 . _ _ .1 

ILDIR 

iLDIR 

1FE:59 

i(DE)<-(HL) 

{ 1 

1-0-00-118/14 

1 



jDE<-DE+l 

1 1 

1 



|HL<-HL+1 

1 1 

1 

1 ... 



jBC<-BC-l, Repeat until BC=0. 

1 1 

1 1 

1 - 
iLDD 

1 LDD 

1FE:5A 

|(DE)<-(HL) 

1-O-MO-1 14 

1 



1DE<-DE-1 

1 1 

1 



|HL<-HL-1 

1 1 

1 



1BC<-BC-l 

1 1 

1 • - - - - 
ILDDR 

iLDDR 

|FE:5B 

i (DE)<-(HL) 

1 1 

1-0-00-118/14 

1 



|DE<-DE-1 

1 1 

1 



iHL<-HL-l 

1 1 

j 



|BC<-BC-1, Repeat until BC=0. 

1 1 

ICPI 

icpi 

|FE:5C 

lA-(HL) 

1*N-**M1-1 14 

1 



|HL<-HL+1 

1 1 

1 



jBC<-BC-l 

1 1 

. 1 _ . . 1 _ . . 

ICPIR 

ICPIR 

iFErSD 

lA-(HL) 

1 I 

1*N-**M1-118/14 

1 



lHL<-HL+l 

1 1 

1 



1BC<-BC-1 


1 



1 Repeat until A=»(HL) or BC=0. 

1 1 

1 - 1 ■ 

ICPD 

icPD 

|FE:5E 

lA-(HL) 

|*N-**M1-| 14 

1 



1HL<-HL-1 

1 1 

1 



1BC<-BC-1 

1 1 

icPDR 

icPDR 

1FE:5F 

lA-(HL) 

|*N-**M1-118/14 

1 



1 HL<-HL-1 

1 1 

1 



1BC<-BC-1 

1 1 

1 



1 Repeat until A=(HL) or BC=0. 

1 1 


<- rape 
/no rep 


<- rape 
/no rep 


<- rape 
/no rep 


<- rape 
/no rep 


(Note) Flag M: 

Flag N: 


If BC=0 after execution, P/V flag is 0, and otherwise 1. 
If A=(HL), Z flag is 1, and otherwise 0. 
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Appendix A Table of Machine Instructions 


Appendix A Table of Machine Instructions (3/11) 
4. 8-bit arithmetic operation 


1 Instruction 

1 Mnemonic 

1 Code 

1 Function 

1 SZIHXVNCI 

T 


1 ADD 

A, r 

1 ADD 

A.g 

1 F8+g:60 

|A <-A+g 

j 0*1 

4 


1 ADD 

A,n 

1 ADD 

A,n 

1 68 :n 

Ia <-A+n 

1 1 

4 




1 ADD 

A, (gg) 

|E0+gg:60 

lA <-A+(gg) 

j I 

6 




lADD 

A,(ix+d) 

|F0+ix;d:60 

|A <-A+(ix+d) 

1 **_**vo*1 

10 


1 ADD 

A, mem 

lADD 

■A, (HL+A) 

|F3;60 

|A <-A+(HL+A) 

|**_**V0*1 

14 




1 ADD 

A, (mn) 

1E3:n:m;60 

|A <-A+(mn) 

1j 

10 




lADD 

A,(n) 

|60:n 

IA <-A+(n) 


8 


1 ADD 

r, n 

lADD 

g.n 

1F8+g;68:n 

1g <-g+n 

j I 

6 




lADD 

(gg) >n 

1E8+gg:68:n 

l(gg)<-(gg)+n 

j ieie^irk\/Qie j 

10 




lADD 

(ix+d) ,n 

1F4+ix;d:68:n 

1(ix+d)<-(ix+d)+n 

I**_**vo*1 

14 


1 ADD 

mem, n 

lADD 

(HL+A) ,n 

1F7:68:n 

1(HL+A)<-(HL+A)+n 

[ 0* j 

18 




lADD 

(vw) ,n 

1EB;w;V:68:n 

1(vw)<-(vw)+n 

1 **_**vo*1 

14 




1 ADD 

(w), n 

1 EF:w:68;n 

1 (w)<-(w)+n 

[ **— **^0*1 

12 


lADC 

A,r 

lADC 

A.g 

1 F8+g;61 

|A <-A+g+CY 

j**-**v 0 *| 

4 


1 ADC 

A,n 

lADC 

A,ii 

I69:n 

|A <-A+n+CY 

j *★—j 

4 




lADC 

A,(gg) 

|E0+gg:61 

lA <-A+(gg)+CY 

|**.**v0*| 

6 




Iadc 

A,(ix+d) 

|F0+ix:d:61 

|A <-A+(ix+d)+CY 

|**_**V0* 1 

10 


I ADC 

A, mem 

1 ADC 

A,(HL+A) 

|F3:61 

Ia <-A+(HL+A)+CY 

|**_**V0*| 

14 




lADC 

A, (nn) 

|E3:n:m:61 

|A <-A+(mn)+CY 

1 **_**vo *1 

10 




lADD 

A,(n) 

|61:n 

lA <-A+(n)+CY 

|**^**V0*| 

8 


|ADC 

r ,n 

1 ADC 

«.n 

1 F8+ g: 6 9: n 

Ig <-g+n+CY 

1 j 

6 




lADC 

(gg) 

iE8+gg;69:n 

1 (gg)<-(gg)+n+CY 


10 




lADC 

(ix+d),n 

1F4+ix:d:69:n 

1(ix+d)<-(ix+d)+n+CY 

1 **_**vo *1 

14 


lADC 

mem, a 

1 ADC 

(HL+A),n 

|F7:69:n 

1(HL+A)<-(HL+A)+n+CY 

|**_iHrV0*| 

18 




lADC 

(vw) ,n 

1EB;w;v;69:n 

I(vw)<-(vw)+n+CY 

jj 

14 




Iadc 

(w),n 

iEF:w:69:n 

1 (w)<-(w)+n+CY 


12 


1 SUB 

A,r 

1 SUB 

A,g 

|F8+g:62 

jA <-A-g 


4 


I SUB 

A,a 

isUB 

A,n 

|6A:n 

Ia <-A-n 

|**-**vi*| 

4 




1 SUB 

A,(gg) 

1 E0+gg:62 

Ia <-A-(gg) 

j 1 

6 




ISUB 

A,(ix+d) 

1F0+ix:d:62 

Ia <-A-(ix+d) 

|**_**V1* 1 

10 


1 SUB 

A, mem 

I SUB 

A,(HL+A) 

|F3:62 

Ia <-a-(hl+a) 

|**_7lr*Vl*| 

14 




ISUB 

A,(mn) 

|E3:n:m:62 

Ia <-A-(mn) 

|**-**V1* 1 

10 




I SUB 

A, (n) 

|62:n 

I A <-A-(n) 

|**..*★yx*| 

8 


ISUB 

r,n 

jsUB 

g.n 

1 F8+g:6A;n 

1g <-g-o 


6 




ISUB 

(gg) 

1E8+gg:6A:n 

1 (ggX- (gg)-n 

|**-alr*Vi* 1 

10 




1 SUB 

(ix+d),n 

1F4+ix:d:6A:n 

1(ix+d)<-(ix+d)-n 

|**_**V1*| 

14 


1 SUB 

mem, a 

1 SUB 

(HL+A),n 

|F7:6A:n 

1 (HL+A )<-(HL+A )-n 

|**_**vl*| 

18 




ISUB 

(vw),n 

|EB:w:v;6A:n 

1(vw)<-(vw)-n 

j**-*1lrVl*| 

14 




1 SUB 

(w) ,n 

1EF:w;6A:n 

1 (w)<-(w)-n 

|**-**vi*| 

12 


jsBC 

A,r 

ISBC 

A.g 

|F8+g;63 

|A <-A-g-CY 

|**-*Hryi*| 

4 


[SBC 

A,n 

ISBC 

A,n 

|6B:n 

Ia <-A-n-CY 

|**-**yi*| 

4 




1 SBC 

A, (gg) 

|E0+gg:63 

Ia <-A-(gg)-CY 


6 




ISBC 

A,(ix+d) 

|F0+ix:d:63 

|A <-A-(ix+d)-CY 

i**-**vi*j 

10 


isBC 

A, mem 

1 SBC 

A,(HL+A) 

|F3:63 

lA <-A-(HL+A)-CY 

j **—**y1 

14 




1 SBC 

A,(mn) 

|E3;n;m:63 

Ia <-A-(mn)-CY 

1 **_**vi* 1 

10 




jsBC 

A,(n) 

I63:n 

|A <-A-(n)-CY 

|**-**yi*1 

8 


ISBC 

r,n 

1 SBC 

g.n 

1 F8+g:6B:n 

1g <-g-n-CY 

|★*-**yi*| 

6 




I SBC 

(gg).n 

1E8+gg:6B:n 

1(gg)<-(gg)-n-CY 

|**-**yi*| 

10 




1 SBC 

(ix+d),n 

1F4+ix:d:6B:n 

1(ix+d)<-(ix+d)-n-CY 

1 **-**vi* 1 

14 


I SBC 

mem, n 

1 SBC 

(HL+A),n 

iF7:6B:n 

1(HL+A)<-(HL+A)-n-CY 

|**_**vi*| 

18 




1 SBC 

(vw) ,n 

1EB;w:v:6B:n 

1(vw)<-(vw)-n-CY 

1**_**V1* 1 

14 




ISBC 

(w) .n 

iEF:w:6B:n 

1(w)<-(w)-n-CY 

|**_**V1*1 

12 
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Appendix A 

Table 

of Machine 

Instructions 

(4/11) 




1 Instruction 

1 Mnemonic 

1 Code 

1 Function 

1SZIHXVNCI 

T 


IaND A,r 

[AND 

A,g 

1F8+g:64 

|A <-A AND g 

i**-10P00| 

4 


lAND A,n 

1 AND 

A,n 

|6C:n 

|A <-A,AND n 

1**-10P00| 

4 


1 

[AND 

A, (gg) 

1EO+gg:64 

|A <-A AND (gg) 

|**-10P00| 

6 


1 

1 AND 

A, (ix+d) 

1FO+ix:d:64 

|A <-A AND (ix+d) 

1**-10P00 1 

10 


IaND a, mem 

1 AND 

A,(HL+A) 

|F3:64 

lA <-A AND (HL+A) 

|**-10P00| 

14 


1 

1 AND 

A, (mn) 

1E3: n:m: 64 

|A <-A AND (mn) 

|**-10P00| 

10 


1 

1 AND 

A, (n) 

164; n 

lA <-A AND (n) 

|**-10P00| 

8 


1 AND r , n 

1 AND 

g.n 

1F8+g;6C:n 

1g <-g AND n 

|**-10P00| 

6 


1 

lAND 

(gg).n 

1E8+gg:6C:n 

1(gg)<-(gg) AND n 

|**-10P00| 

10 


1 

1 AND 

(ix+d) ,n 

1F4+ix;d:6C:n 

1 (ix+d)<-(ix+d) AND n 

|**-10P00| 

14 


1 AND mem, n 

lAND 

(HL+A) ,n 

|F7;6C:n 

1(HL+A)<-(HL+A) AND n 

|**-iopooi 

18 


1 

1 AND 

(vw) ,n 

1EB:w:v:6C;n 

1 (vw)<-(vw) AND n 

|**-10P00| 

14 


1 

lAND 

(w) ,n 

1EF:w:6C:n 

1(w)<-(w) AND n 

|**-10P00| 

12 


|0R A,r 

lOR 

A,g 

t F8+g: 66 

|A <-A OR g 

|**-OOPOO| 

4 


|0R A,n 

|OR 

A,n 

|6E:n 

lA <-A OR a 

|**-OOPOO| 

4 


1 

|OR 

A,(gg) 

1 EO+gg: 66 

|A <-A OR (gg) 

1**- 00 pool 

6 


1 

|OR 

A,(ix+d) 

1FO+ix:d:66 

|A <-A or (ix+d) 

|**-00P00| 

10 


1 OR A, mem 

|OR 

A,(HL+A) 

|F3;66 

|A <-A OR (HL+A) 

|**-oopooi 

14 


1 

lOR 

A,(mn) 

1 C3: n:m:66 

|A <-A or (mn) 

1**-OOPOO| 

10 


1 

|OR 

A, (n) 

I66;n 

|A <-A OR (n) 

|**-00P00| 

8 


lOR r,n 

|OR 

g.n 

1F8+g;6E:n 

1g <-g OR n 

|**-00P00| 

6 


1 

lOR 

(gg) 

1E8+gg:6E:n 

1 (gg)<-(gg) OR n 

|**-00P00| 

10 


1 

|OR 

(ix+d) ,n 

1F4+ix;d :6E:n 

1(ix+d)<-(ix+d) OR n 

|**-OOPOO| 

14 


1 OR mem, n 

|0R 

(HL+A) ,n 

|F7;6E:a 

1(HL+A)<-(HL+A) OR n 

|**-OOPOO| 

18 


1 

lOR 

(w) ,n 

1EB:w:v:6E;n 

1(vw)<-(vw) OR n 

|**-00P00| 

14 


1 

lOR 

(w) ,n 

1EF;w;6E;n 

1 (w)<-(w) OR n 

|**-00P00| 

12 


IXOR A,r 

IXOR 

A.g 

|F8+g:65 

lA <-A XOR g 

|**-OOPOO| 

4 


IXOR A,n 

IXOR 

A,n 

l6D:n 

|A <-A XOR n 

|**-OOPOO| 

4 


1 

IXOR 

A,(gg) 

1EO+gg:65 

|A <-A XOR (gg) 

1**- 00 pool 

6 


1 

ixOR 

A,(ix+d) 

1FO+ix:d:65 

|A <-A XOR (ix+d) 

|**-OOPOO| 

10 


1 XOR A ,mem 

IXOR 

A,(HL+A) 

1F3:65 

|A <-A XOR (HL+A) 

|**-OOPOO| 

14 


1 

ixOR 

A,(mn) 

1 E3; n:m:65 

|A <-A XOR (m) 

1**-00P00 1 

10 


1 

IXOR 

A, (n) 

l65;n 

|A <-A XOR (a) 

|**-00P001 

a 


IXOR r,n 

IXOR 

g.n 

1 F8+g: 6D:n 

Ig '(■g XOR n 

|**-00P001 

6 


1 

IXOR 

(gg) .n 

1E8+gg:6D;n 

1(gg)<-(gg) XOR n 

|**-00P001 

10 


1 

IXOR 

(ix+d),n 

1F4+ix:d;6D;n 

1(ix+d)<-(ix+d) XOR n 

|**-00P00i 

14 


1XOR mem,n 

IXOR 

(HL+A),n 

|F7:6D:n 

1(HL+A)<-(HL+A) XOR n 

|**-OOPOO| 

18 


1 

ixOR 

(vw),n 

1EB:w:v:6D:a 

1 (vw)<-(vw) XOR a 

|**-00P00| 

14 


1 

1 

IXOR 

(w) ,n 

1 EF:w:60:n 

1 (w)<-(w) }K)R n 

|**-OOPOO| 

12 


ipni 

IQI 

nm 

ir8+g;67 

1 A-g 

|**-**V1*| 

4 



US 

■PHi 


|6F:n 

1 A-n 

|**_**VX*| 

4 


1 

ICP 

A,(gg) 

1EO+gg;67 

1A-(gg) 

1 1 

6 


1 

Icp 

A,(ix+d) 

1FO+ix:d:67 

1 A-(ix+d) 

j**-**yi*| 

10 


1 CP A, mem 

ICP 

A,(HL+A) 

|F3:67 

1 A-(HL+A) 

|i*ir-**yx* 1 

14 


1 

Icp 

A,(mn) 

|E3:n:m;67 

1 A-(mn) 

j**-**vi*j 

10 


1 

Icp 

A, (n) 

|67:n 

1A-(n) 

j**-**vi*j 

8 


icP r,n 

Icp 

g.n 

1F8+g:6F:n 

1 g-n 


6 


1 

Icp 

(gg) .n 

1E8+gg:6F;n 

1 (gg)-n 

|**-**vi*1 

8 


1 

Icp 

(ix+d) ,n 

1 F4+ix :d :6F:n 

1 (ix+d)-n 

|**-,**vi*| 

12 


1 CP mem,n 

Icp 

(HL+A).n 

1 F7:6F:n 

1 (HL+A)-n 

|**-**V]^* I 

16 


1 

Icp 

(vw),n 

1EB;w:v:6F:n 

1 (vw)-n 


12 



Icp 

(w) ,n 

1 EF;w:6 F: n 

1 (w)-n 

1**-**vx*1 

10 
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1 Instruction 

1 Mnemonic 

1 Code 

1 Function 

1SZIHXVNC1 

T 1 

1 INC r 

1 INC 

r 

|80+r 

|r <-r+l 

1 . . . 

1 **_**vo -1 

2 1 


1 INC 

(gg) 

1E0+gg:87 

1 (gg)<.-(gg)+i 

j **_**vo-1 

8 1 


1 INC 

(ix+d) 

1 F0+ix;d:87 

1(ix+d)<-(ix+d)+l 

|**-**v 0 -1 

12 1 

1 INC mem 

1 INC 

(HL+A) 

1F3:87 

|(HL+A)<-(HL+A)+1 

1 **-.***vo-1 

16 1 


1 INC 

(mn) 

1E3:n:m:87 

1(mn)<-(mn)+l 

|**_**V0-1 

12 1 


1 INC 

(n) 

|87:n 

1 

1(n)<-(n)+l 

1 . . .... ... .. 

j**_**vo-i 

10 1 

IDEC r 

iDEC 

r 

|88+r 

1 . .. 

Ir <"r-l 

i**-**vi-1 

2 1 


iDEC 

(gg) 

1 

1 EO+gg:8F 

1(gg)<-(gg)-i 

|**-Vr*Vl- 1 

8 1 


IDEC 

(ix+d) 

1F0+ix;d:8F 

1(ix+d)<-(ix+d)“l 

|**-**vi-1 

12 1 

1 DEC mem 

1 DEC 

(HL+A) 

|F3:8F 

1(HL+A)<-(HL+A)-1 

|**_**vl- 1 

16 1 


IDEC 

(mn) 

|E3:n:m;8F 

1(mn)<-(mn)-l 

|**_**vl-1 

12 1 


|DEC 

(n) 

|8F:n 

1 

|(n)<-(n)-l 

1 1 

10 1 

I INCX 

1 INCX 

(n) 

|07:n 

1 

i If X=l, (n) <- (n)+l 

1 **_**-v 0 -1 

6/101 

IDECX 

iDECX 

(n) 

|0F:n 

I If X=1, (n) <- (n)-l 

|**-**V1- 1 

6/101 


(Note) If X=0 in INCX and DECX instructions, all flags remain unchanged. 
5. Special operation and CPU control 


Instruction 

Mnemonic 

1 Code 

1 Function 

1 SZIHXVNC1 

T 

A register 

DAA 

A 

|0B 

(Decimal adjust accumulator 

|**_**p-*| 

4 

operation 

CPL 

A 

lio 

|A <- A 

1-1-1-1 

2 


NEC 

A 

111 

|A <-0-A 

. 1 ... . .. 

|**-**vi*| 

1_ _|. 

2 

LDAR 

LDAR 

HL,PC+cd 

|17:d:c 

1 . ■ •• - 

|HL<-PC+cd 

1. . ..... . ... . 

1-1 

1 1 

8 

CY flag 

CCF 


lOE 

I 

1 CY<- CY 

1—x*-o*| 

2 

operation 

SCF 


|0D 

|CY<-1 

1-01-01 ( 

2 


RCF 


IOC 

|CY<-0 

_ 1 . . .. 


2 

NOP 

NOP 


loo 

j ~ • • • . 

1 No operation 

. 1 . ... . ... 

1-j 

2 

HALT 

HALT 


|01 

[Halt CPU 

1 .. 

1-1 

4 

Interrupt 

DI 


102 

1 

1 Interrupt disable (IFF <- 0) 

1 —0-1 

2 

operation 

El 


|03 

(Interrupt enable (IFF <- 1) 

1—1-1 

2 


SWI 


Iff 

1 Software interrupt 

(—0-1 

20 




1 

1 (PC <- OOlOH) 

1 . .. .... ... . 

1 1 


MUL HL,r 

MUL 

HL.g 

|F8+g:12 

1 

|HL<-Lxg 

. 1 .. . . ... 

1-1 

18 

MUL HL,n 

MUL 

HL,n 

|12:n 

1 . _ 

1HL<-Lxn 

.1 . .. ... . 


16 


MUL 

HL,(gg) 

1EO+gg:12 

|HL<-Lx(gg) 

1-1 

18 


MUL 

HL,(ix+d) 

|F0+ix:d;12 

|HL<-Lx(ix+d) 

1-1 

22 

MUL HL.mem 

MUL 

HL,(HL+A) 

|F3:12 

|HL<-Lx(HL+A) 

1-1 

26 


MUL 

HL,(mn) 

1E3:n:m:12 

1HL<-Lx(mn) 

1-1 

22 


MUL 

HL,(n) 

|E7:n:12 

|HL<-Lx(n) 

1. ... 

1-1 

20 

DIV HL,r 

DIV 

HL,g 

|F8+g;13 

|L<-HL-g >H<- Remainder 

1-1 

18 

DIV HL,n 

DIV 

HL,n 

Il3:n 

|L<-HL-n >H<- Remainder 

1-1 

16 


DIV 

HL.(gg) 

1EO+gg:13 

|L<-HL-(gg) ,H<- Remainder 

1 -v~| 

18 


DIV 

HL,(ix+d) 

|F0+ix:d:13 

|L<-HL-(ix+d),H<- Remainder 

1-V— 1 

22 

DIV HL,mem 

DIV 

HL,(HL+A) 

1F3:13 

1L<-HL-(HL+d),H<- Remainder 

1-V—1 

26 


DIV 

HL,(mn) 

|E3:n:m:13 

|L<-HL-(mn) ,H<- Remainder 

1-V— 1 

22 


DIV 

HL,(n) 

|E7:n:13 

|L<-HL-(n) ,H<- Remainder 

1-V—1 

20 


X=0/1 

X=0/1 
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6. 16-bit arithmetic operation 


1 Instruction 

1 Mnemonic 

1 Code 

1 Function 

1SZIHXVNCi 

T 


1 ADD 

HL,rr 

1 ADD 

HL.gg 

1 F8+gg:70 

|HL<-HL+gg 

1-x*-o*j 

8 


1 ADD 

HL,nn 

1 ADD 

HL.mn 

178:n:m 

iHL<-HL+inn 

|**-X*V0*| 

6 




1 ADD 

HL,(gg) 

iEO+gg:70 

I 

|HL<-HL+(gg)W 

|**-X*V0*| 

8 




IadD 

HL.(ix+d) 

1F0+ix;d;70 

|HL<-HL+(ix+d)W 

i**-x*vo*i 

12 


1 ADD 

HL, mem 

1 ADD 

HL.(HL+A) 

|F3:70 

|HL<-HL+(HL+A)W 

|**-X*V0*| 

16 




Iadd 

HL,(mn) 

|E3:n:m:70 

lHL<-HL+(mn)W 

i**-x*vo*i 

12 




1 ADD 

HL.(n) 

|70:n 

|HL<-HL+(n)W 

|**-X*V0*| 

10 


I ADC 

HL.rr 

1 ADC 

HL.gg 

|F8+gg:71 

iHL<-HL+gg+CY 

|**-X*V0*i 

8 


lADC 

HL,nn 

1 ADC 

HL. mn 

179:n:m 

1 HL<-HL+mn+CY 

l**-x*vo*i 

6 




1 ADC 

HL.(gg) 

iE0+gg:71 

iHL<-HL+(gg)W+CY 

|**-x*vo*| 

8 




lADC 

HL.(ix+d) 

1F0+ix:d:71 

|HL<-HL+(ix+d)W+CY 

1**-x*vo*1 

12 


lADC 

EL, mem 

1 ADC 

HL.(HL+A) 

|F3:71 

iHL<-HL+(HL+A)»+CY 

|**-x*vo*| 

16 




lADC 

HL. (mn) 

|E3:n:m:71 

|HL<-HL+(mn)W+CY 

1**-x*vo*1 

12 




1 ADC 

HL.(n) 

|71:n 

|HL<-HL+(n)W+CY 

|**-x*vo*| 

10 


jsUB 

HL.rr 

1 SUB 

HL.gg 

|F8+gg:72 

|HL<-HL-gg 

|**-X*V1*| 

8 


|SUB 

HL ,nn 

1 SUB 

HL.mn 

1 7A: n:m 

1 HL<-HL-mn 

|**-X*V1*| 

6 




1 SUB 

HL.(gg) 

|E0+gg:72 

iHL<-HLr(gg)W 

|**-X*V1*| 

8 




1 SUB 

HL,(ix+d) 

1F0+ix:d:72 

|HL<-HL-(ix+d)W 

j**-x*vi*i 

12 


1 SUB 

HL, mem 

1 SUB 

HL,(HL+A) 

|F3:72 

|HL<-HL-(HL+A)W 

i**-x*vi*i 

16 




1 SUB 

HL,(im) 

|E3:n:m:72 

|HL<-HL-(mn)W 

|**-X*V1*| 

12 




1 SUB 

HL,(n) 

|72:n 

iHL<-HL-(n)W 

j**-x*vi*| 

10 


ISBC 

HL,rr 

1 SBC 

HL,gg 

lF8+gg:73 

iHL<-HL-gg-CY 

|**“X*V1*| 

1 

8 


1 SBC 

HL.nn 

isBC 

HL.mn 

17B:n:m 

I HL<-HL-im-CY 

i**-x*vi*i 

1 

6 




isBC 

HL,(gg) 

|E0+gg:73 

|HL<-HL-(gg)W-CY 

|**-X*V1*| 

8 




1 SBC 

HL.(ix+d) 

1FO+ix:d:73 

|HL<-HL-(ix+d)W-CY 

1**-X*V1*| 

12 


1 SBC 

HL,mem 

1 SBC 

HL,(HL+A) 

|F3:73 

iHL<-HL-(HL+A)»-CY 

|**_X*V1*| 

16 




1 SBC 

HL,(mn) 

iE3:n:m:73 

|HL<-HL-(mn)W-CY 

|**-X*V1*| 

12 




ISBC 

HL,(n) 

|73:n 

lHL<-HL-(n)W-CY 

i*^-x*vi*i 

1 1 

10 


1 AND 

HL.rr 

1 AND 

HL,gg 

1F8+gg:74 

|HL<-HL AND gg 

|**-10XD0| 

8 


1 AND 

HL,nn 

1 AND 

HL,mn 

17C:n:m 

|HL<-HL AND mn 

|**-10XDoi 

6 




1 AND 

HL,(gg) 

iE0+gg:74 

|HL<-HL AND (gg)W 

|**-10X00| 

8 




lAND 

HL,(ix+d) 

|F0+ix:d:74 

|HL<-HL AND (ix+d)W 

1**-10X001 

12 


I AND 

HL, mem 

1 AND 

HL,(HL+A) 

|F3:74 

|HL<-HL AND (HL+A)W 

|**-10XD0| 

16 




lAND 

HL,(mn) 

|E3:n:m:74 

|HL<-HL AND (iin)W 

1 **-10X00 1 

12 




1 AND 

HL,(n) 

|74:n 

iHL<-HL AND (n)W 

i**-ioxooi 

10 


joR 

HL.rr 

lOR 

HL.gg 

1F8+gg:76 

lHL<-HL OR gg 

1 **-00X00 1 

1 1 

8 


ioR 

HL.nn 

|0R 

HL.mn 

1 7E:n:m 

1 

|HL<-HL OR mn 

l**-ooxoo| 

1 1 

6 




ioR 

HL,(gg) 

|EO+gg:76 

|HL<-HL OR (gg)W 

1 **-00X001 

8 




|0R 

HL,(ix+d) 

1F0+ix:d:76 

|HL<-HL OR (ix+d)W 

1**-00X001 

12 


ioR 

HL. mem 

|0R 

HL,(HL+A) 

|F3;76 

iHL<-HL OR (HL+A)W 

1 **-00X001 

16 




|0R 

HL, (nn) 

|E3:n:m:76 

|HL<-HL OR (mn)W 

1 **-00X001 

12 




lOR 

HL,(n) 

|76:n 

|HL<-HL OR (n)W 

1 **-00X00 1 

10 
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Instructions 

(7/11) 




1 Instruction 

1 Mnemonic 

1 Code 

1 Function 

1SZIHXVNCI 

T 


jxOR aL,rr 

1 

IXOR 

1 

HL.gg 

1F8+gg:75 

|HL<-HL XOR gg 

1 . 

1**-00X001 

8 


1*- 

IXOR HL,nn 

1 

1- 

IXOR 

t 

HL, mn 

17D:n:m 

|HL<-HL XOR mn 

1 . . . . . .. 

1**-00X001 

6 


I--- 

1 

1 — 
IXOR 

HL,(gg) 

1 EO+gg:75 

1 

|HL<-HL XOR (gg)W 

1**-00X001 

8 


1 

iXOR 

HL,(ix+d) 

|FO+ix:d:75 

|HL<-HL XOR (ix+d)W 

1 **-00X00 I 

12 


1XOR KL,mem 

IXOR 

HL,(HL+A) 

|F3:75 

|HL<-HL XOR (HL+A)W 

1**-00X001 

16 


1 

ixoR 

HL,(mn) 

1E3:n:m:75 

|HL<-HL XOR (mn)W 

|**-ooxooi 

12 


1 

1 

IXOR 

HL,(n) 

|75:n 

|HL<-HL XOR (n)W 

1 

1**-00X001 

10 


I 

1 CP HL, rr 

1 

ICP 

HL,gg 

jF8+gg:77 

igjguniiiiiiiiiiiiiiii 

|**-X*V1*| 

8 


1 -- 

ICP HL.nn 

1 

ICP 

HL,mn 

17F:n:m 

1 

1HL-mn 

1 . -. 

|**-X*V1*| 

6 


1-— 

1 

ICP 

HL,(gg) 

IEO+gg:77 

1 

|HL-(gg)W 

i**-x*vi*i 

8 


1 

Icp 

HL,(ix+d) 

|FO+ix:d:77 

|HL-(ix+d)W 

|**-X*V1*| 

12 


1 CP UL , mem 

|CP 

HL,(HL+A) 

1F3:77 

1HL-(HL+A)W 

i**-x*vi*i 

16 


1 

Icp 

HL,(mn) 

|E3:n:m:77 

|HL-(mn)W 

|**-X*V1*| 

12 


1 

1 

Icp 

HL,(n) 

|77:n 

|HL-(n)W 

1 .. . 

i**-x*vi*i 

1 1- 

10 


|ADD ix,rr 

1 

Iadd 

ix.gg 

1F8+gg:14+ix 

I 

1ix<-ix+gg 


8 


1 

IADD ix,nn 

1 

Iadd 

ix,mn 

114+ix:n:m 

1 •• • • • - - - « - . 

1ix<-ix+mn 

1 

|*★-X*X0*| 

6 


I*--— 

1 

Iadd 

i>«.(gg) 

1EO+gg;14+ix 

1 • ■ 

1ix<-ix+(gg)W 

1**_X*X0*1 

8 


1 

1 ADD 

ix, ( jx+d) 

1FO+jx ; d : 14+ix 

1ix<-ix+(jx+d)W 

i**-X*X0*| 

12 


|AD0 ix,inem 

Iadd 

ix,(HL+A) 

1F3:14+ix 

1ix<-ix+(HL+A)W 

i**-X*X0*i 

16 


1 

Iadd 

ix,(mn) 

jE3:n:m:14+ix 

1ix<-ix+(mn)W 

|**-x*xo*| 

12 


1 

Iadd 

ix,(n) 

1E7:n:14+ix 

1ix<-ix+(a)W 

1 .. 

|**-x*xo*| 

10 


IlNC rr 

1 

1 INC 

rr 

|90+rr 

1 

1rr<-rr+l 

1 ... .. . 

j-*-1 

4 


1 

1 

1 INCW 

(gg) 

1EO+gg:97 

I 

|(gg)W <-gg)W+l 

i**-x*vo-| 

12 


1 

1 INCW 

(ix+d) 

|F0+ix:d:97 

|(ix+d)W <-(ix+d)W+l 

i**_X*v0-i 

16 


1INCW mem 

1 INCW 

(HL+A) 

|F3:97 

|(HL+A)W <-(HL+A)W+l 

i**-X*V0-i 

20 


1 

1 INCW 

(mn) 

1E3;n:m:97 

1(mn)W <-(mn)W+l 

j**-x*vo-! 

16 


1 

1 INCW 

(n) 

|97:n 

i(n)W <-(n)W+l 

1 .. . . . 

i**-x*V0-| 

14 


IDEC rr 

[DEC 

rr 

|98+rr 

1 

|rr<-rr-l 

1-ilr-1 

4 


1 

IDECW 

(gg) 

1 EO+gg: 9F 

1 

1(gg)w <-gg)W-l 

|**-X*V1-| 

12 


1 

IDECW 

(ix+d) 

|F0+ix;d:9F 

|{ix+d)W <-(ix+d)W-l 

|*i»r-X*Vl- 1 

16 


1DECW mem 

iDECW 

(HL+A) 

|F3;9F 

|(HL+A)W <-(HL+A)W-l 

i**-x*vi-i 

20 


1 

IDECW 

(mn) 

1E3:n:m:9F 

1(mn)W <-(mn)W-l 

|**-X*V1-| 

16 


1 

IDECW 

(n) 

|9F:n 

i(n)W <-(n)W-l 

i**-x*vi-i 

14 
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7. Rotate, Shift 


1 Instruction 

1 Mnemonic 

1 Code 

1 Function 

1SZIHXVNC1 

T 


IRLC 

r 

IRLCA 


|A0 

1 

1-OX-0*| 

2 




IRLC 

1 . _ 

g 

lF8+g:A0 

1 . . 

1 

1 1 1 

|**-0XP0*i 

4 




1 

IRLC 

(gg) 

1E0+gg:A0 

I 1 1 

1**-0XP0*1 

8 




iRLC 

(ix+d) 

1F0+ix:d:A0 

1 1 CY 1 <~ 1 7 <~ 0 |~ 

|**-0XP0*i 

12 


IRLC 

mem 

IRLC 

(HL+A) 

|F3:A0 

1 - - 

i**-0XP0*| 

16 




IRLC 

(mn) 

1 E3:n:m:AO 

1 

|**-0XP0*| 

12 




IRLC 

(n) 

|E7:n:A0 

1 

i**-0XP0*| 

10 


IRRC 

r 

IRRCA 


|A1 

1 

1—ox-o*| 

2 




IRRC 

g 

|F8+g:Al 

- . 1 .. 

1 

1 1 1 

|**-0XP0*| 

4 




iRRC 

(gg) 

|E0+gg:Al 

1 1 1 

1 1 - 1 

1**-0XP0* 1 

8 




IRRC 

(ix+d) 

1F0+ix:d:Al 

1 — 1 7 —> 0 1 —> 1 CY 1 

i**-0XP0*i 

12 


iRRC 

mem 

IRRC 

(HL+A) 

|F3:A1 

1 - - 

1**-0XP0*1 

16 




IRRC 

(mn) 

|E3:n:m:Al 

1 

i**-0XP0*| 

12 




IRRC 

(n) 

|E7:n:Al 


i**-0XP0*| 

10 


IRL 

r 

IRLA 


|A2 

1 

1-OX-0* 1 

2 




|RL 

g 

|F8+g:A2 

.11 1 

|**-0XP0*| 

4 




|RL 

(gg) 

|E0+gg:A2 

II 1 

1 1 - - 1 

1**-0XP0*1 

8 




IRL 

(ix+d) 

|F0+ix:d:A2 

1 ~| CY |<—1 7 <— 0 1 — 

|**-0XP0*| 

12 


1 RL 

mem 

|RL 

(HL+A) 

|F3:A2 

1 - - 

|**-0XP0*| 

16 




IRL 

(mn) 

1E3:n:m:A2 

1 

i**-0XP0*| 

12 




IRL 

(n) 

|E7:n:A2 

1 

i**-0XP0*i 

10 


1 RR 

r 

IRRA 


|A3 

1 

1-0X-0*| 

2 




IRR 

g 

|F8+g:A3 

1 

.11 1 

|**-OXPO*j 

4 




|RR 

(gg) 

iE0+gg:A3 

'11 1 

1 1 - - 1 

|**-0XP0*| 

8 




iRR 

(ix+d) 

1FO+ix:d:A3 

1 — 1 7 —> 0 1 —>1 CY 1 — 

|**-0XP0*| 

12 


i RR 

mem 

|RR 

(HL+A) 

|F3:A3 

1 - - 

|**-0XP0*| 

16 




iRR 

(mn) 

1 E3 : n:m:A3 

1 

i**-0XP0*i 

12 




|RR 

(n) 

|E7:n:A3 

1 

|**-0XP0*i 

10 


1 SLA 

r 

1 SLAA 


|A4 

1 

1—ox-o*| 

2 




1 SLA 

g 

|F8+g:A4 

1 

|**-OXPO*i 

4 




1 SLA 

(gg) 

1 EO+gg:A4 

1 - - 

|**-0XP0*| 

8 




1 SLA 

(ix+d) 

1FO+ix:d:A4 

1 1 CY 1 <- 1 7 <- 0 1 <- 0 

|**-OXPO*i 

12 


1 SLA 

mem 

1 SLA 

(HL+A) 

|F3:A4 

1 - - 

i**-OXPO*i 

16 




1 SLA 

(mn) 

1 E3:n:m:A4 

1 

|**-0XP0*i 

12 




1 SLA 

(n) 

1E7:n:A4 

1 

i**-0XP0*j 

10 


|SRA 

r 

1 SRAA 


|a5 

1 

1 - 0X-0*| 

2 




1 SRA 

g 

|F8+g:A5 

1 

j**-0XP0*| 

4 




1 SRA 

(gg) 

iEO+gg:A5 

1 - .- 

1**-0XP0*| 

8 




ISRA 

(ix+d) 

1F0+ix:d:A5 

1—17 —> 0 1 —> 1 CY 1 

1**-OXPO*| 

12 


1 SRA 

mem 

1 SRA 

(HL+A) 

|F3:A5 

1 1 - - 

1**-0XP0*1 

16 




isRA 

(mn) 

1E3:n:m;A5 

1 1 1 

|**-0XP0*| 

12 




jSRA 

(n) 

|E7:n:A5 

1 

i**-oxpo*i 

10 


1 SLL 

r 

1 SLLA 


|A6 

1 

1—ox-o*| 

2 




IRLL 

g 

1F8+g:A6 

1 

i**-oxpo*i 

1 1 

4 




1 SLL 

(gg) 

1EO+gg:A6 

1 — - 

|**-0XP0*| 

8 




1 SLL 

(ix+d) 

1FO+ix:d:A6 

1 1 CY 1 <- 1 7 <- 0 1 <- 0 

j**-0XP0*| 

12 


1 SLL 

mem 

1 SLL 

(HL+A) 

|F3:A6 

1 - - 

i**-0XP0*i 

16 




1 SLL 

(mn) 

|E3:n:m:A6 

1 

i**-OXPO*i 

12 




1 SLL 

(n) 

|E7:n:A6 

1 

i**-0XP0*| 

10 
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1 Instruction 

1 Mnemonic 

1 Code 

1 Function 


1SZIHXVNCI 

T 


1 SRL 

r 

1 SRLA 


|A7 

1 


1-OX-0* 1 

2 




ISRL 

g 

|F8+g;A7 

1 


|**-0XPO*i 

4 




1 SRL 

(gg) 

1 E0+gg:A7 

1 - 

— 

|**-OXPO*| 

8 




1 SRL 

(ix+d) 

1F0+ix:d:A7 

1 0 -> 1 7 ~> 0 

1 ->l CY 1 

|**-OXPO*i 

12 


ISRL 

mem 

isRL 

(HL+A) 

|F3:A7 

1 - 

— 

|**-OXPO*| 

16 




1 SRL 

(mn) 

1E3:n:m:A7 

1 


i**-OXPO*| 

12 




ISRL 

(n) 

iE7:n;A7 

1 


i**-OXPO*i 

10 




1 RLD 

(gg) 

1E0+gg:10 

1 Areg 

memory 

|**-OOPO-| 

12 




IRLD 

(ix+d) 

|F0+ix:d:10 

I - 

-1 

j**-OOPO-i 

16 


1 RLD 

mem 

1 RLD 

(HL+A) 

|F3:10 

1 _L— 

_ 

|**-OOPO-| 

20 




1 RLD 

(mn) 

|E3:n;m:10 

1 17 4|3 01 17 

413 01 

j**-OOPO-i 

16 




1 RLD 

(n) 

|E7;n:10 

1 - I- 


|**-OOPO-| 

14 






1 

1 t 1 

t 1 

1 1 





IRRD 

(gg) 

|E0+gg:ll 

1 Areg 

memory 

i**-00P0-| 

12 




IRRD 

(ix+d) 

|F0+ix:d;ll 

1 -- 

- 1 

|**-00P0-| 

16 


1 RRD 

mem 

iRRD 

(HL+A) 

|F3:11 


1 

|**-OOPO-i 

20 




iRRD 

(mn) 

|E3:n;m:ll 

1 17 4|3 01 17 

4|3 01 

|**-00P0-| 

16 




iRRD 

(n) 

|E7:n:ll 

1 - |-_ 


i**-00P0-i 

14 






1 

1 

1 1 t 

1 

1 t 

1 1 

1 1 




8. Bit manipulation 


Instruction! Mnemonic I Code | Function I SZIHXVNCj T 

BIT TTr Tbit bTi 1 F8+g:A8+b j Z <-'vg.b |X*-1XX0-| 4 


[BIT b,(gg) |E0+gg:A8+b | Z<-'^(gg).b |X*-lXX0-j 6 

IBIT b,(ix+d) |F0+ix:d:A8+b j Z <-'^(ix+d).b |X*-lXX0-i 10 

BIT b.mem j BIT b,(HL+A) |F3+A8+b I Z (HL+A) .b |X*-1XX0-! 14 

I BIT b.Cnn) |E3:n:m;A8+b j Z <-'^(mn).b ix*-lXX0-i 10 

IBIT b.(n) iA8+b:n I Z<-'^(n).b |X*-lXX0-i 8 


SET b,r jSET b,g |F8+g:B8+b | g.b <- 1 I -1 4 


ISET b,(gg) |E0+gg:B8+b l(gg).b <- 1 I - 1 10 

jSET b,(ix+d) |F0+ix;d;B8+b |(ix+d).b<-l I-1 14 

SET b,mem j SET b,(HL+A) jF3+B8+b j(HL+A).b <- 1 I-1 18 

jSET b,(mn) iE3:n:m:B8+b |(nn).b <- 1 j-1 14 

jSET b,(n) |B8+b:n i(n).b <- 1 I -j 12 


RES b,r Ires b,g |F8+g:B0+b | g.b <- 0 I-1 4 


Ires b,(gg) |E0+gg:B0+b |(gg).b<-0 I-1 10 

Ires b,(ix+d) |F0+ix:d:B0+b i(ix+d).b <- 0 I-1 14 

RES b,mem |RES b,(HL+A) jF3+B0+b i(HL+A).b<-0 I-1 18 

Ires b,(inn) |E3:n:m:B0+b |(mn).b <- 0 I -1 14 

Ires b,(n) |B0+b:n |(n).b <- 0 I -1 12 


TEST b,r |TESTb,g |F8+g:18+b |,^<-'''g.b :g.b <-l |X*-1XX0-| 8 


ITEST b,(gg) |E0+gg;18+b | Z<-''^(gg).b :(gg).b<-l |X*-1XX0-| 12 

ITEST b.(ix+d) |F0+ix;d:18+b j Z <--v (ix+d).b:(ix+d).b <-l ix*-lXX0-j 16 

TEST b.mem iTEST b,(HL+A) iF3 + 18+b j Z (HL+A) . b: (HL+A) . b <-l ix*-lXX0-| 20 

ITEST b.Cmn) | E3: n:m: 18-f b I Z<-'x-(mn).b :(inn).b<-l jx*-lXX0-i 16 

_ iTEST b,(n) |E7:n:18-t-b | Z<-->>(n).b :(n).b<-l _ |X*-1XX0-| 14 
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TOSHIBA 


Appendix A Table of Machine Instructions 


Appendix A Table of Machine Instructions (10/11) 
9. Jump, call and return 


1 Inst ruction 

Mnemonic 

1 Code 

1 Function ISZIHXVNCi T | 



JP 

cc ,gg 

1 E8+gg;C(}+cc 

1 If cc, PC <- gg 

I-- 

-1 6/8 1 

<- F/T 


JP 

cc,ix+d 

1F4+ix:d:C0+cc 

1 If cc, PC <- ix+d 

1 — 

-110/121 

<- F/T 

1JP cc,mem 

JP 

cc,HL+A 

lF7;C0+cc 

jlf cc, PC <- HL+A 

1 — 

-1 14/161 

<- F/T 


JP 

CC ,mn 

1EB;n;m;C0+cc 

1 If cc, PC <- mn 

1 — 

-110/121 

<- F/T 


JR 

cc ,PC+d 

ic0+cc:d 

Ilf cc, PC <- PC+d 

1 

-1 4/8 1 

_1_1 

<- F/T 


JP 

mn 

1lA:n;m 

|PC <- mn 


-1 8 1 



JRL 

PC + cd 

ilB:d:c 

IPC <- PC+cd 

. _ 1 

-1 10 1 

1 1 



CALL 

cc ,gg 

1E8+gg;DO+cc 

ilf cc, PUSH PC,PC 

<- gg i “ 

-1 6/14i 

<- F/T 


CALL 

cc, ix+d 

1F4+ix:d:DO+cc 

1 If cc, PUSH PC,PC 

<- ix+d 1 — 

-110/181 

<- F/T 

1 CALL cc,mem 

CALL 

cc,HL+A 

1F7;DO+cc 

1 If cc, PUSH PC,PC 

<- HL+A 1 — 

- 114/221 

<- F/T 


CALL 

CC, mn 

1EB:n;m:D0+cc 

ilf cc, PUSH PC,PC 

<- mn 1 — 

-110/181 

1 1 

<- F/T 


CALL 

mn 

1IC : n:m 

ipUSH PC,PC <- mn 


MMMM 



CALL 

PC + cd 

1 lD:d:c 

IPUSH PC,PC <- PC+cd 1 — 

( 1 



IDJNZ 

DJNZ 

PC+d 

|18:d 

|B if B< >0 

, PC<-PC+d 1 — 

i 

-1 10 1 



DJNZ 

BC,PC+d 

|19:d 

|BC<-BC-1, if BC< 

>0, PC<-PC+d 1-- 

- 1 10 1 



RET 


llE 

IPOP PC 

... j 

1 1 

-1 10 1 


IRET 

RET 

CC 

1FE:DO+cc 

Ilf cc, POP PC 

1 — 

- 1 6/141 

<- F/T 


RET I 


IlF 

ipOP AF. POP PC 

1 — 

- 1 14 1 



Condition codes *”cc_| 



Symbol 

1 Meaning 

1 Flag value 

1 Code 

1 


F 

1 Always false 

i - 

1 0 

1 


(None) 

1 Always true 

1 - 

1 8 

1 


Z 

1 Zero 

1 Z = 1 

1 6 

1 


NZ 

1 Not Zero 

1 Z = 0 

j E 

1 


C 

I Carry 

1 C =• 1 

nnm 

1 


NC 

1 No carry 

1 C - 0 


1 


PL or P 

i Plus 

1 S =• 0 

HMI^ 

1 


MI or M 

1 Minus 

1 s =« 1 

1 5 

1 

1 


NE 

1 Not equa1 

1 Z =• 0 

1 E 

1 


EQ 

1 Equal 

1 Z => 1 

1 6 

1 

1 


OV 

1 Overflow 

1 P/V = 1 

nnm 

■ 


NOV 

1 No overflow 

i P/V - 0 


■ 


PE 

1 Parity is even 

1 P/V * 1 

I 

1 4 

1 


PO 

1 Parity is odd 

i P/V»0 

1 c 



GE 

1 Greater than or equal (signed) 

i (S XOR P/V) » 0 

1 9 



LT 

1 Less than (signed) 

[ (S XOR P/V) - 1 

1 1 



GT 

1 Greater Chan (signed) 

1 ■ ■ 

1 Iz OR (S XOR P/V)] » 0 

1 A 



LE 

1 Less than or equal (signed) 

1 [Z OR (S XOR P/V)] =• 1 

1 2 



UGE 

1 Unsigned greater Chan or equal 

1 C =• 0 

1 F 



ULT 

1 Unsigned less Chan 

1 C - 1 

1 7 



UGT 

1 Unsigned greater Chan 

i (C OR Z) = 0 

i B 



ULE 

1 Unsigned less Chan or equal 

i (C OR Z) =• 1 

1 3 
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Appendix A Table of Machine Instructions 


Appendix A Table of Machine Instructions (11/11) 
10. Meaning of symbols 


1 Category 

1 Symbol 


Meaning | 


1 g 


Register 

A,B,C,D,E,H,L 1 


1 rr, gg 


Register pair 

BC,DE,HL,IX,IY,SP | 


1 gg 


Register pair 

BC,DE,HL,IX,IY,AF | 


1 ix, j X 


Register pair 

IX,IY,SP 1 


1 n 


8-bit constant 

OOH - FFH 1 


1 mn 


16-bit constant 

OOOOH - FFFFH | 


i d 


8-bit displacement 

-128 - +127 1 


1 cd 


16-bit displacement 

-32768 - +32767 1 

1 Operand 

1 b 


Bit number 

0-7 1 


1 cc 


Condition code 



1 (gg) 


Register indirect;(BC),(DE),(HL),(IX),(lY),(SP)| 


1 (ix+d),(jx+d) 

Index 

(IX+d),(lY+d),(SP+d) 1 


1 (HL+A) 


Register index 

A=-128 - +127 1 


1 (mn),(vw) 


Extend 

(OOOOH) - (FFFFH) | 


1 (n),(w) 


Direct 

(FFOOH) - (FFFFH) 1 


1 (x)W 


2-byte memory data 



1 s 


Signed flag. Set MSB 

according to operation j 




result. 



1 z 


Zero flag. Set to 1 if operation result is | 




zero. 



1 I 


Interrupt enable flag 

"IFF" i 

1 Flag 

I H 


Half carry flag 



1 X 


Expansion carry flag 



1 V 


Parity/overflow flag 

(P/V) 1 


1 N 


Addition/subtraction flag I 


1 c 


Carry flag 

1 

1 


1 0 


1 

Reset to 0 according to operation | 


1 1 


Reset to 1 according to operation | 

1 Flag 

1 - 


No change 

i 

1 Status 

1 * 


Subject to operation result | 


1 X 


Undefined 

1 


1 p 


Treated as parity flag I 


1 V 


Treated as overflow flag 1 

1 Time 

1 T 


Number of states indicating executing time I 




1 (1 state = 200 ns @10MHz) i 


(Note) The value of displacement object code in the relative addressing mode 
is calculated with respect to the address "The start address plus 2”. 



r,g 

1 

Code 

■| 

r 

rr,gg 

1 

Code 

■| 

r 


1 

Code 1 

1ix,j X 

Code 1 

1 b 

1 

Code 


A 

1 

6 

1 

1 

BC 

1 

0 

1 

1 

BC 

1 

0 1 

1 IX 

0 1 

1 0 

1 

0 


B 

1 

0 

1 

1 

DE 

1 

1 

1 

1 

DE 

1 

1 1 

1 lY 

1 1 

1 1 

1 

1 


C 

1 

1 

1 

1 

HL 

1 

2 

1 

1 

HL 


2 1 

1 SP 

2 i 

1 2 

i 

2 


D 

1 

2 

1 

i 

IX 

1 

4 

1 

i 

IX 

! 

4 1 



1 3 

1 

3 


E 

1 

3 

1 

1 

lY 

1 

5 

! 

1 

lY 

i 

5 1 



1 4 

1 

4 


H 

1 

4 

1 

1 

SP 

1 

6 

1 

1 

AF 

1 

6 1 



1 5 

1 

5 


L 

1 

5 

1 












1 6 

1 

6 


7 I 7 
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TOSHIBA _ Appendix B Table of Machine Instructions Codes 

Appendix B Table of Machine Instruction Codes (1/4) 


1-byte opcode instruction 


|H\L 


0 

1 1 

2 

i 3 

4 

5 

6 

7 

1 8 

9 1 

A 

1 B 1 

c 

D 1 

E 



0 


NOP 

1 

HALTI 

DI 

El 




INCX 

1 EX 

EX 

EXX 

1 OAA 1 

RCF 

SCF 

CCF 

r~ 

IDE 





1 






(n) 

|DE,HL 

AF,AF' 


1 A 1 




1 ( 


1 

r 

CPL 

NEC 1 

MUL 

DIV 

ADD 

ADD 

ADD 

LDAR 

iDJNZ 

DJNZ 

JP 

JRL I 

CALL 

CALR 

RET 

RE 




A 

A 1 

HL,n 

HL,n 

IX ,nn 

lY.nn 

SP ,nn 

HL,dd 

1 d 

BC,d 

nn 

dd 1 

nn 

dd 




2 


LD 

LD 

LD 

LD 

LD 

LD 

LD 

LD 

1 LD 

LD 

LD 

LD 

LD 

LD 

LD 

1 L 




A.B 

A,C 

A.D 

A,E 

A,H 

A,L 

A,A 

A, (n) 

1 b,a 

C.A 

D.A 

E.A 

H,A 

L.A 

A,A 

l(n 


3 

T 

LD 

LD 

LD 

LD 

LD 

LD 

LD 

LD 

1 LD 

LD 

LD 


LD 

LD 

LD 

r* 

1 L 




B ,n 

C,n 

D,n 

E,n 

H, n 

L ,n 

A,n 

(n)n 

1BC,nn 

DE ,nn 

HL ,nn 


IX ,nn 

lY ,nn 

SP ,nn 

1 (n 


4 


LD 

LD 

LD 


LD 

LD 

LD 

LD 

1 LD 

LD 

LD 


LD 

LD 

LD 

1 

1 L 




HL.BC 

HL,DE 

HL.HL 


HL.IX 

HL.IY 

HL,SP 

HL(n) 

IBC.HL 

DE.HL 

HL.HL 


IX,HL 

lY ,HL 

SP.HL 

1 (n 


5 

T 

PUSH 

PUSH 

PUSH 


PUSH 

PUSH 

PUSH 


1 POP 

POP 

POP 


POP 

POP 

POP 

r" 

1 




BC 

DE 

HL 


IX 

lY 

AF 


1 BC 

DE 

HL 


IX 

lY 

AF 

1 


6 


ADD 

ADC 

SUB 

SBC 

AND 

XOR 

OR 

CP 

1 ADO 

ADC 

SUB 

SBC 

AND 

XOR 

OR 

c 




A.(n) 

A.(n) 

A, (n) 

A, (n) 

A, (n) 

A, (n) 

A, (n) 

A, (n) 

I A,n 

A,n 

A.n 

A.n 

A ,n 

A ,n 

A,n 

A 


7 

T 

ADD 

ADC 

SUB 

SBC 

AND 

XOR 

OR 

CP 

1 

1 ADO 

ADC 

SUB 

SBC 

AND 

XOR 

OR 

C 




HL(n) 

HL(n) 

HL(n) 

HL(n) 

HL(n) 

HL(n) 

HL(n) 

HL(n) 

1HL,nn 

HL ,nn 

HL ,nn 

HL.nn 

HL.nn 

HL ,nn 

HL.nn 

HL 



1 


m 

INC 

m 

INC 

INC 

INC 

1 

1 INC 

1 DEC 

DEC 

DEC 

DEC 

DEC 

DEC 

DEC 

1 

1 D 

n 


H 


■n 

0 

■n 

H 

L 

A 

1 (n) 

1 B 

C 

D 

E 

H 

L 

A 

1 


9 

T 

1 

INC 

INC 

INC 

1 

1 

INC 

INC 

INC 

1 

1 INCW 

1 DEC 

DEC 

DEC 

1 1 
1 1 

DEC 

DEC 

DEC 

r~ 

1 C 



i 

BC 

DE 

HL 

1 

IX 

lY 

SP 

1 (n) 

1 BC 

DE 

HL 

1 i 

IX 

lY 

SP 

1 


A 

T 

1 

RLC 

RRC 

RL 

RR 

SLA 

SRA 

SLL 

SRL 

1 BIT 

BIT 

BIT 

BIT 

BIT 

BIT 

BIT 

E 



1 

A 

A 

A 

A 

A 

A 

A 

A 

10,(n) 

l.(n) 

2,(n) 

3, (n) 

4, (n) 

5, (n) 

6, (n) 

7, 


B 

T 

1 

RES 

RES 

RES 

RES 

RES 

RES 

RES 

RES 

1 SET 

SET 

SET 

SET 

SET 

SET 

SET 

S 



1 

0, (n) 

1, (n) 

2,(n) 

3,(n) 

4, (n) 

5, (n) 

6,(n) 

7, (n) 

10,(n) 

1, (n) 

2,(n) 

3, (n) 

4, (n) 

5, (n) 

6, (n) 

7, 


C 

T 

1 

JR 

JR 

JR 

JR 

JR 

JR 

JR 

JR 

JR 

JR 

JR 

JR 

JR 

JR 

JR 

J 



1 

F,d 

LT.d 

LE,d 

ULE,d 

PE,d 

M,d 

Z,d 

C.d 

d 

GE,d 

GT,d 

UGT.d 

PO,d 

P,d 

NZ,d 

NC 


0 

T 

1 

1 


















E 

1 

1 

src 

arc 

src 

src 

src 

src 

src 

src 

1 

1 dst 

dst 

dst 

dst 

dst 

dst 

dst 

d 



1 

(BC) 

(DE) 

(HL) 

(nn) 

(IX) 

(lY) 

(SP) 

(n) 

l(BC) 

(DE) 

(HL) 

(nn) 

(IX) 

(lY) 

(SP) 

( 


F 

T 

1 

arc 

arc 

src 

src 

dst 

dst 

dst 

dst 

1 

1 reg 

reg 

reg 

reg 

reg 

reg 

reg 

T 

1 £ 



1 

(IX+d)(IY+d)(SP+d)(HL+A) 

(IX+d)(IY+d)(SP+d)(HL+A)IB/BC 

C/DE 

D/HL 

E 

H/IX 

L/IY 

A/SP 

1 


(Note) Codes located in "EOH to FEU" are part of 2-byte opcode instructions. 
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TOSHIBA _ Appendix B Table of Machine Instructions Codes 

^adix B Table of Machine Instruction Codes (2/4) 
byte opcode F8H - FEH: reg g/gg 



te) The first byte of block transfer instructions (LDI, LOIR, LDD and LDDR), block search 

instructions (CPI, CPIR, CPD and CPDR) and a conditional return instruction (RET cc) must be 
"FEH". 
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Appendix B Table of Machine Instruction Codes (3/4) 


1st byte code EOH - E7H/F0H - F3H: src (x) 


H\L 

1 

0 1 

1 1 

2 1 

3 1 

4 1 

5 1 

6 1 

7 

1 8 ■ 

9 

A 1 

B 

C 

D 

E 1 

1 

0 1 

1 

1 


EILD 

(x) 

1 

RRD 1 MUL 
(x).|HL(x) 

1 

DIV 1 ADD 
HL(x)|IX(x) 

ADD 

IY(x) 

1 

ADD 1 
SP(x)| 


1 

ITSET 
10, (X) 

TSET 

1, (x) 

TEST 

2, (x) 

TSET 

3,(x) 

TSET 

4, (x) 

TSET 

5, (x) 

TSET TS 
6,(x) 7, 

2 










1 

1 LD 
|B,(x) 

LD 

C, (x) 

LD 

D,(x) 

LD 

E, (x) 

LD 

H, (x) 

LD 

L, (x) 

1 

LD 1 

A,(x) 1 

3 1 

1 

4 

1 

1 

1 









i 

1 LD 
|BC(x) 

LD 

DE(x) 

1 

LD 1 
HL(x)| 


LD 

IX(x) 

LD 

IY(x) 

1 

LD 1 
SP(x)j 

5 

1 

1 

1 

EX 

(x)BC 

EX 

(x)DE 

1 

EX 1 
(x)HLl 

1 

1 EX 

1(x)IX 

EX 

(x)IY 

1 

EX 1 
(x)SP| 









6 

T 

1 

1 

ADD 

A, (x) 

ADC 

A, (x) 

SUB 

A, (x) 

SBC 

A.(x) 

AND 

A, (x) 

XOR 

A, (x) 

OR 

A, (x) 

1 

CP j 

A,(x)1 







7 

1 

1 

1 

ADD 

HL(x) 

ADC 

HL(x) 

SUB 

HL(x) 

SBC 

HL(x) 

AND 

HL(x) 

XOR 

HL(x) 

OR 

HL(x) 

CP 

HL(x) 

1 

I 

I 







8 

T 

1 

1 








INC 

(x) 

I 

I 

I 






1 

1 0 

1 ( 

9 

1 

1 

1 








INCW 

(x) 

I 

I 

I 






1 

IDE 

1 ( 

A 

T 

1 

1 

RLC 

(x) 

RRC 

(x) 

RL 

(x) 

RR 

(x) 

SLA 

(x) 

SRA 

(x) 

SLL 

(x) 

SRL 

(x) 

I 

I BIT 

I 0,(x) 

BIT 

l,(x) 

BIT 

2,(x) 

BIT 
3, (X) 

BIT 
4, (x) 

BIT 

5.(x) 

BIT B 

6,(x) 7. 

B 

T 

1 

1 

RES 

0,(x) 

RES 

1, (x) 

RES 

2.(x) 

RES 

3,(x) 

RES 

4,(x) 

RES 

5, (x) 

RES 

6, (x) 

RES 
7, (x) 

I SET 
lO.(x) 

SET 

1 , (x) 

SET 

2.(x) 

SET 

3,(x) 

SET 
4, (x) 

SET 
5, (x) 

SET s: 
6,(x) 7, 

1 

c 1 

1 

1 

D 1 

1 



Appendix-14 



























TOSHIBA 


Appendix B Table of Machine Instructions Codes 


-endix B Table of Machine InstrucCion Codes (4/4) 
byte code E8H - EFA/F4H - F7H; dst (x) 



LD I LD LD LD 
(x)n IBC.x DE.x HL.x 


LD LD LD I LDW I 
IX,X lY.x SP,x I(x)nn| 



n 

) 1 

1 CALL 

CALL 

CALL 

CALL CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL CALL 

CALL 

CALL 

CALL 

1 

1 F.x 

LT,x 

LE,x 

ULE.x PE.x 

M,x 

Z,x , 

C,x 

X 

GE.x 

GT,x 

UGT.x PO,x 


NZ.x 

NC.x 



Appendix-15 









TOSHIBA 


Appendix C Table of Special Function Registers 


Appendix C 


Table of Special Function Registers 

The special function registers include the I/O ports, peripheral control 
regisers and bank registers (BX and BY) allocated to the 48-byte 
addresses from FFCOH OFFEFH. 

(1) ■ I/O port 

(2) I/O port control 

(3) Stepping motor control port control 

(4) Watchdog timer control 

(5) Timer/event counter control 

(6) Serial channel control 

(7) a/D converter control 

(8) Interrupt control 

(9) Bank register 


Format of table 



Symbol 1 

Name 1 Address I 7 

6 : 

: 1 

0 1 



1 

1 1 



1 -> 

bit Symbol 


1 

1 1 



1 -> 

Read/Write 


1 

1 1 



1 -> 

Initial value after reset 


1 

i 1 



1 -> 

Remarks 


1 
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Appendix C Table of Special Function Registers 


) I/O Port 


MSB _ _ LSB 


iymbo 11 

Name 


1 Address | 

7 

6 

5 

4 

3 

: 2 

: 1 

: 0 


1 



1 1 

P07 

P06 

P05 

P04 

P03 

: P02 

: POl 

: POO 


PO 1 

Port 

0 

lOFFCOH 1 




R/W 





1 



1 1 




Input mode 





1 



1 1 

P17 

P16 

P15 

P14 

P13 

: P12 

: Pll 

: PIO 


PI 1 

Port 

1 

lOFFClH 1 




R/W 





1 



1 1 




Input mode 





■i^n 



IHHI 


P26 

P25 

P24 

P23 

: P22 

; P21 

: P20 


P2 1 




■■■■1 

§■■■■ 

■■■■ 


■■■ 

■■■■■■ 

HIHHI 

n 




HBIH 





IHH 


HHHi 

n 




1 1 

P37 

P36 

P35 

P34 

P33 

; P32 

; P31 

; P30 

1 

P3 1 

Port 

3 

I0FFC6H 1 

R 

R/W 

R/W 

R 

R/W 

: R/W 

: R 

: R 

1 




1 1 

Input 

1 

1 

Input 

1 

: 1 

: Input 

: Input 

1 




1 1 





P43 

: P42 

: P41 

: P40 

1 

P4 1 

Port 

4 

I0FFC8H 1 





R/W 1 




1 1 


IHHI 

miiB 


0 

: 0 

BBIElHil 

: 0 

1 




1 1 

0 


P55 

P54 

P53 

: P52 

: P51 

: P50 

1 




1 1 



R 1 

P5 1 

Port 

5 

lOFFCAH 1 



Input only I 




1 1 

1 1 



Shared with analog input pin (ANO - AN5) 1 

1 




1 1 

SA63 

SA62 

SA61 

SA60 

P63 

: P62 

: P61 

: P60 

1 




1 1 


W 


R/W 1 

P6 1 


6 

lOFFCCH 1 


Undefined 


Input mode i 




1 1 

Stepping motor control Port 0 

Shared 

with 

stepping motor 

1 




1 1 

shifter alternate reg. 


control port 

0 (MO) 


1 




1 1 

SA73 

SA72 

SA71 

SA70 

P73 

: P72 

: P71 

: P70 

i 




1 1 


W 


R/W 1 

P7 1 

Port 

7 

lOFFCDH 1 


Undefined 


Input mode I 




1 1 

Stepping motor control Port 1 

Shared 

with 

stepping motor 





1 1 

shifter alternate reg. 


control port 

1 (Ml) 






1 1 





P83 

; P82 

: P81 

: P80 


P8 1 

Port 

8 

lOFFDOH 1 





R/W 

: R 

R 

: R 





1 1 





0 


Input mode 



(Note) Read/Write 

R/W : Either read or write is possible. 
R : Only read is possible. 

W : Only write is possible. 
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Appendix C Table of Special Function Registers 


(2) I/O Port control 


1 Symbol! Name 

1 Address| 

7 ; 

6 : 

5 : 

4 ; 

3 : 

2 : 

1 

0 1 


1 

1 1 


IRFO : 

IRFTO : 

IRFTl : 


EXT 

PIC 

POC 1 

IPOICR 

1 Port 0/1 I0FFC2H | 



mu 

W ; 

W 

w 1 

1(IRFL) 

1 Control 

Reg.l 1 


0 : 

0 ; 

0 : 



0 

0 1 



1 1 


Interrupt Request 

Flag 


P1-P2 

PI 

PO 1 



1 1 


1. Interrupt being 
requested 


control 

0: I/O 

control 

control 1 

1 



1 1 






Port 


1 



1 1 






1: 

0: In 

0; In 1 



i 1 

1 1 






Address 

bus 

1: Out 

1: Out 1 



1 i 

P27C 

• P26C : 

P25C 

P24C 

P23C 

P22C 

P21C 

P20C 1 

|P2CR 

i Port 2 

10FFC5H 1 




W 



1 


1 Control 

Reg.l 1 

0 

0 

0 

0 

0 

0 

0 

0 1 



1 i 

0: In 

l:0ut 

(I/O selected bit by bit) 



1 



1 1 

WAITC1 

WAITC0 

RDE 

ODE 

TXDCl 

TXDCO 

RXDCl 

RXDCO 1 



1 1 

R/W 

R/W 

R/W 

R/W 

R/W 1 



1 1 

0 

0 

0 

0 

0 

0 

0 

0 1 



1 1 

Wait control 

RD 

P33 

P33 

P32 

P31 

P30 1 

I P3CR 

1 Port 3 

IOFFC7H 1 

00: 2 state wait 

control 

control 

00:Out 

Out 

00: In 

In 1 


1 Control 

Reg.l 1 

01; normal wait 

0: RD 

0: CMOS 

01: Out 

TxD 

01; In 

RxD 1 



1 1 

10: non 

wait 

for only 

1: Open 

10:TxD 

Out 

10:RxD 

In 1 



1 1 

11: reserved 

external 

drain 

ll:TxD 

RTS/ 

11: 

1 



1 1 



access 



SCLK 

Not used 1 



1 1 

1 1 



1: Al¬ 
ways RD 





1 

1 



1 1 





P43C 

P42C 

P41C 

P40C 1 

1 P4CR 

1 Port 4 

I0FFC9H 1 





W 1 


1 Control 

Reg.l 1 





0 

0 

0 

0 I 



1 1 





0: Out 

(Port) 1 

Address 

output 1 



1 1 

P73C 

P72C 

P71C 

P70C 

P63C 

P62C 

P61C 

: P60C 1 

1P67CR 

1 Port 6/7 lOFFCEH | 


W 


W 1 


1 Control 

Reg.l 1 

0 

0 

0 

0 

0 

: 0 

0 

: 0 1 


1 

1 1 

0: In 


1: Out 

0: In 

*' 

1: Out 1 


1 

1 1 





P830C 

ZCE2 

ZCEl 

: EDGE 1 

1 P8CR 

1 Port 8 

lOFFDlH 1 





W 

W 

W 

: W 1 


1 Control 

Reg.l 1 





0 

0 

0 

: 0 i 


1 

1 1 





P83 

INT2/TI5 

INT1/TI4 

: INTO 


1 

1 1 





control 

control 

control 

:control 


1 

1 1 





0: P83 

1: ZCD 

1: ZCD 

:0; level! 


1 

1 1 





1: T03/ 

enable 

enable 

:1: 1 1 


1 

1 1 





T04 



: edge 


Symbol in ( ) denotes another name. 
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Appendix C Table of Special Function Registers 


■(3) Stepping motor control port control 


Symbol 1 Name I Address] 7 ; 6 

5 : 4 

3 : 2 

1:01 

1 1 1 SM7M1 : SM7M0 

P70C1 : P7OC0 

SM6M1 : SM6M0 

P60C1 : P60C0 j 

1 1 1 R/W 

R/W 

R/W 

R/W 1 

1 Stepping 1 1 0 

0 

0 : 0 

0 

0 

0:01 

SMMOD 1 Motor lOFFCBH | 

1 Mode Reg. I i 

1 1 10: 3- 

1 1 1 phase 

1 1 |1: 4- 

1 1 1 phase 

i 1 1 

1 1 1 

0:1-step 
/2-step 
excita- 
t ion 
1:1-2 
step 
excita¬ 
tion 

00: IN/our 

01: IN/0UT,T03 
10; IN/Ml 
(Timer 2, 

Timer 3) 

11: " (Timer 4) 

0: 3- 
phase 

1: 4- 
phase 

0:1-step 
/2-step 
excita¬ 
tion 
1:1-2 
step 
excita- 
t ion 

OO: IN/OUT 1 

01: IN/OUT,TOl j 

IX: IN/MO 1 

(Timer Oj 1 

Timer 1) | 




CCW7 




CCW6 1 

1 1 1 



r7w 




R/W 1 

1 Stepping 1 1 



0 




0 1 

SMCR 1 Motor 1OFFCFH 1 

I Control Reg.| 1 

1 1 1 

1 1 1 

1 1 1 



0:Normal 
rotation 
1: Re¬ 
verse 

rotation 




0:Normal 1 
rotation] 
1; Re- ] 
verse ] 

rotation j 


Also refer to P67CR, P6 and P7 registers. 


A) Watchdog timer control 


MSB_LSB 


Symbol] Name [Address] 7 

6 ; 5 

4 

3 : 2 : 1 : 0 ] 

1 1 ] WDTE 

WDTPl : WDTPO 

WARM 

HALTMl : HALTMO : EXF : DRVE ] 

] ] 1 R/W 

R/W 

R/W 

R/W : R : R/W ] 

1 ] ] 1 

1 Watchdog 1 1 

0 : 0 

0 

0 : 0 : Un- : 0 ] 

: : defined: ] 

WDMOD ) Timer ioFFD2H ) 

] Mode Reg. ] 1 

1 ] 1 1: WDT 

1 ] 1 Enable 

1 1 1 

1 1 i 

Detecting time 

00: zj^/fc 

01; 2tJ/fc 

10: 2j«/fc 

11: 2^Vfc 

Warming- 
up t ime 

0:2j^/fc 

l:2^^/fc 

Standby mode :Invert :1: 1 

00: RUN mode :each :to drive] 

01: STOP mode :time EXX:pin in ] 

10: IDLEl mode :instruc-:STOP j 

11: IDLE2 mode :tion is .-mode. ] 

; executed: I 

WDCR ] Watchdog ]0FFD3H ] 

1 

1 Timer 1 1 

W ] 

]Control Reg.] 1 - 1 

] 1 1 BIH: WDT Disable code 4EH: WDT Clear code 1 
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Appendix C Table of Special Function Registers 


(5) Timer/event counter control 


Name 


8-bit Timer 
Register 0 





















TOSHIBA 


1 Symbol 

Name [Address 


7 ; 6 

5 


4 : 3 : 2 ; 1 ; 0 


1 


BRATEl ; BRATEO 

PRRUN 


T4RUN : T3RUN : T2RUN : TlRUN ; TORUN 


8-bit Timer/1 


R/W 

R/W 


Serial 1 


0 : 0 

0 


0 : 0 : 0 ; 0 ; 0 

1 TRUN 

Channel joFFDBH 


00: 300/150 baud 

Prescaler & Timer Run/Stop Control 


Baud Rate | 


01:1200/600 





Control Reg. | 


10:4800/2400 


0: 

Stop & Clear 


1 


11:19200/9600 


1: 

Run (Count up) 


16-bit Timer! 





- 

1CAPIL 

/Event (OFFDCH 





R 

' 

Counter 1 





Undefined 


Capture I 





- 

GAPIH 

Register 1 j OFFDDH 





R 


1 





Undefined 


16-bit Timer] 





- 

CAP2L 

/Event joFFDEH 





R 


Counter j 





Undefined 


Capture j 





- 

CAP2H 

Register 2 |OFFDFH 





R 


1 





Undefined 


1 





- 

TREG4L 

16-bit TimerjOFFEOH 





W 


/Event j 





Undefined 


Counter j 





- 

TREGAH 

Register 4 joFFElH 





W 


1 





Undefined 


1 





- 

TREG5L 

16-bit TimerI0FFE2H 





W 


/Event j 





Undefined 


Counter j 





- 

TREG5H 

Register 5 j 0FFE3H 





W 


1 





Undefined 









TOSHIBA 


Appendix C Table of Special Function Registers 


1 Symbol 1 Name I Address I 7 

6 

5 ‘ 

4 ; 3 

2 

1 : 0 



CAP 1 IN 

CAPMl : CAPMO 

CLE 

T4CLK1 : T4CLK0 

II II 


W 

R/W 

R/W 

R/W 

II II 


- 

0 : 0 

0 

0 : 0 

1 1 16-bit Timer 1 I 

jT4M0D 1/Event I0FFE4H | 

1 1 Counter | | 

I 1 Mode Reg. | j 

II II 

II II 

II II 


0: Soft¬ 
ware 

Capture 
1: Don't 

care 

Capture timing 

00: Disable 

01: TI4 t TI5 t 
10: TI4 f TI4 | 
11:TFF1 t TFFl | 

1: 

UC16 

Clear 

Enable 

Timer 4 source 
clock 

00: TI4 

01: -e-Tl 

10: 0-T16 

11; 

II II 


CAP2TE 

CAPITE : EQ5TE 

EQ4TE 

TFF4C1 : TFF4C0 

II II 


R/W 

W 

1 1 16-bit Timer I I 


0 : 0 : 0 ; 0 

- 

IT4FFCRIFlip-Flop 4 |0FFE5H | 

I 1 Control Reg.l I 

II II 

II II 


TFF 4 inversion trigger 

0: Disable trigger 

1: Enable trigger 

00: Clear TFF4 
01: Set TFF4 

10: Invert TFF4 
11: Don't care 


(6) Serial channel control 


1 Symbol 


Name 

1 Address 

1 7 

6 

5 

4 : 3 : 2 

1 


0 

1 



1 

1 

1 TBS 

1 

Fixed at 
"0" 

RXE 

WU : SMI : SMO : 

SCI 


SCO 




1 

1 



R/W 






Serial 

1 

1 Undefined 0 

0 

0:0:0: 

0 


0 

1 SCMOD 


Channel 

I0FFE9H 

1 Trans- 


1: 

1: : 00:1/0 interface: 

00: 

T02TRG U 



Mode Reg. 

1 

Imission 


Receive 

Wake up: 01: UART 7-bit : 

01: 

BR 

A 




1 

lBit-8 


Enable 

Enable : 10: UART 8-bit : 

10: 

ol 

R 




1 

1 data in 



: 11: UART 9-bit : 

11: 

BR 1/2 T 




1 

19-bit 



; : : 







1 

iuART 



: : : 







1 

1 RBS 

EVEN 

PE 

OERR : PERR : FERR ; 

CTSE 



Serial 

1 

1 R 

R/W 

R(Cleared to "0" by reading) 

R/W 

1 SCCR 


Channel 

lOFFEAH 

1 Undefined 0 

0 

0 : 0 : 0 




Control 

1 

1Receiv- 

Parity 

1: 

1: Error : 



1: CTS 



Register 

1 

1ing Bit- 

0; Odd 

Parity 




Enable 




1 

18 data 

1: Even 

Enable 

Overrun: Parity :Flaming : 






Serial 

1 

1 RB7 

RB6 

RB5 

RB4 : RB3 : RB2 : 

RBI 

RBO 

isCBUF 


Channel 

1OFFEBH 

1 TB7 

TB6 

TBS 

TB4 : TB3 : TB2 : 

TBl 

TBO 



Buffer 

1 

1 


R (Receiving)/W (Transmission) 






Register 

1 

1 



Undefined 





Also refer to P3CR, TRUN register. 


(Note) BR: 


Baud Rate Generator 
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Appendix C 

Table 

of Special Function 

Registers 

7) A/D 

Converter 

control 

MSB 








LSB 


Symbo11 

Name 

1 Address| 

7 

6 

5 

4 

3 

2 

1 

: 0 

1 

1 


1 1 


EOCF 

ADBF 

ADCS 

ADS 

ADCH2 

AD CHI 

: ADCHO 

1 

1 

A/D 

1 1 


R 

R/W 

R/W 


R/W 


1 

ADMOD 1 

Converter 

lOFFEFH 1 


0 

0 

0 

0 

0 

0 

: 0 

1 

1 

1 

Mode Reg. 

1 1 

1 1 


1: END 

1: Busy 

0: 95s 
1:190s 

1 

Start: 

Analog 

Select 

Input Channel 

1 

1 

1 

A/D Result 

1 1 




- 






1 

ADREG 1 

Register 

lOFFEEH 1 




R 






1 

1 


1 1 




- 






1 

8) Interrupt control 











Symbol 1 

Name 

1 Address| 

7 

6 

5 

4 


3 

2 

; 1 

: 0 

1 

1 


1 1 

*IET2 

IET3 

IET4 

lEl 


IET5 

IE 2 

: lERX 

: lETX 

1 

INTEL 1 

Interrupt 

I0FFE6H 1 




R/W 





1 

1 

Enable 

1 1 

0 

0 

0 

0 


0 

0 

: 0 

: 0 

1 

1 

Mask Reg. 

1 1 


1: Enable 



0: Disable 



1 

1 


1 1 

- 

DEO 

DETO 

DETl 


ADIS 

lEO 

; lETO 

: lETl 

1 

INTER 1 


.I0FFE7H 1 


R/W 




R/W 


1 

(DMA 1 


1 1 

0 

0 

0 

0 


0 

0 

: 0 

0 

1 

EL) 1 

Micro DMA 

1 1 

1: 

Enable 

0: Disable 


1: 

Enable 

0 

Disable 

1 

1 

Enable 

1 1 

DET2 

DET3 

DET4 

DEI 


DET5 

DE2 

: DERX 

: DETX 

1 

DMAEH 1 

Register 

I0FFE8H 1 




R/W 





1 

1 


1 1 

0 

0 

0 

0 


0 

0 

: 0 

: 0 

1 

1 


1 1 


1: Enable 



0: Disable 



1 

1 


1 1 


IRFO 

: IRFTO 

IRFTl 


EXT 

: PICR 

: POCR 

1 

i 


1 1 


R 


W 


W 

1 

i 


1 1 


0 

: 0 

0 


0 

: 0 

: 0 

1 

IRFL 1 
(POl- 1 
CR)| 

1 

1 

1 

i 

Interrupt 
Request 
Flag & 

IRF 

Clear 

I0FFC2H i 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 


Interrupt Request Flag 

1: Interrupt being re¬ 
quested 


PI ,P2 
Controls 
0: I/O 
port 
1; Ad¬ 
dress 
bus 

: PI : PO 1 

: Control: Controll 

: 0: In : 0: In | 

: 1: Out : 1: Out | 

•• 1 

: : 1 

1 


1 1 

IRFT2 

IRFT3 

: IRFT4 

: IRFl 

IRFT5 

IRF2 

: IRFRX 

; IRFTX 


1 


1 1 


R 

(Only IRF 

Clear code 

can be 

used to 

write.) 



IRFH 1 


I0FFC3H 1 

0 

0 

: 0 

: 0 



0 

: 0 

: 0 


1 

1 


1 1 

1 1 

1; 

Interrupt 
IRF Clear 

being requested 
code.) 

(IRF is cleared to 

"0" by writing 



Symbol in ( ) denotes another name- * Share with lEAD (If ADIS=1, use as INTAD Mask Reg.) 




MSB 





LSB 


Symbo11 

Name 

[Address 1 7 

6 

5 

4 

3 

: 2 


1 

BBKHII 

1 

BX 1 

Bank 

ioFFECH 1 




BX3 

: BX2 


BXl 

: BXO 

1 

1 

Register X 

1 1 




R/W 1 

1 


1 1 

IBHHB 

IHHII 


0 

: 0 


Ullllll 

: 0 

1 

BY i 

Bank 

lOFFEDH 1 




BY 3 

: BY2 


BYl 

: BYO 

1 

1 

Register Y 

1 1 




R/W 1 

1 


1 1 




0 

: 0 


0 

: 0 

1 
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